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GROUNDWATER FATE AND TRANSPORT EVALUATION REPORT
SOUTH CAVALCADE SUPERFUND SITE

HOUSTON, TEXAS

1.0 INTRODUCTION

This document presents the results of an evaluation of the fate and transport of select dissolved

constituents in shallowgroundwater at the SouthCavalcade Superfund Site (Site) in Houston, Texas.

The location ofthe Site is shown on Figure 1. This report was prepared by KEY Environmental, Inc.

(KEY) on behalf of Beazer East, Inc. (Beazer) to present an evaluation of potential future

groundwater exposure scenarios at the above-referenced Site. The fate and transport evaluation

presented herein was performed in accordance with the technical approach and scope of work

presented in the GroundwaterFate andTransport Evaluation WorkPlan (Work Plan) dated October

19961
• The Work Plan was approved by the United States Environmental Protection Agency (EPA)

on October 16, 19962
•

1.1 Purpose

The objective of the groundwater fate and transport evaluation is to assess whether any realistic

potential risk to human health and the environment exists currently, or in the future, with respect to

reasonable potential exposure to dissolved constituents in the shallow groundwater. The

groundwater fate and transport evaluation involves an assessment ofthe natural attenuation ofselect

dissolved phase constituents in groundwater in the shallow aquifer. This evaluation was completed

to determine whethernatural processes (e.g, adsorption, dispersion and biodegradation) are effective

in reducing the concentrations of dissolved phase constituents to health-protective levels before

shallow groundwater potentially containing such constituents may, in the future, migrate from the

Site and reach locations where potential future groundwater exposure could realistically and

reasonably occur. The results ofthe groundwater fate and transport evaluation provide the technical

KEY Environmental, Inc., October 1996. Groundwater Fate and Transport Evaluation Work
Plan, South Cavalcade Superfund Site, Houston, Texas.

•
2
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u.s. Environmental Protection Agency, October 16, 1996. Fax Transmitted Memorandum to
Mike Slenska. Beazer East, Inc. Regarding EPA Review Comments on the South Cavalcade Street
SuperfundSite Groundwater Exposure Assessment Work Plan, September /996.
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basis for the exposure evaluation necessary in order to recommend changes to the current

groundwater remedy.

The remedial goals for groundwater specified in the 1988 ROD are summarized in Table 1.

According to the ROD, the remedial goals for groundwater were selected to comply with Federal

Drinking Water Standards, National Pollutant Discharge Elimination System (NPDES) Best

Available Technology Requirements, and Texas Water Quality Standards, which are identified in
the ROD as applicable and relevant and appropriate requirements (ARARs). However, since the

issuance of the ROD for the South Cavalcade Site, EPA has implemented fundamental changes in

the Superfund program approach to groundwater remediation at sites where it is technically

impracticable to restore groundwater to drinking water standards.

As indicated in the July 31, 1995 memorandum from Elliott Laws, EPA Assistant Administrator, to
the EPA Regional Administrators], these situations (e.g., sites where dense non-aqueous phase

liquids exist) warrant the use ofa waiver ofFederal and State groundwater clean-up standards by

EPA and "a flexible phased approach to groundwater remediation such as use ofinterim RODs, no

action alternatives, natural attenuation, Technical Impracticability (TI) waivers, etc." Dense non­

aqueous phase liquids (DNAPLs) exist within the shallow groundwater bearing unit at the South

Cavalcade Site and thus preclude attainment ofthe groundwater remedial goals. Therefore, a waiver

of the remedial goals for groundwater, and implementation of a flexible approach to groundwater

remediation, as described in the July 31, 1995 EPA memorandum, may be appropriate if the

exposure evaluation, supported by a protective natural attenuation assessment, demonstrates that

shallow groundwater does not present an unacceptable current or potential future risk to human

health and the environment.

1.2 Fate and Transport Evaluation Technical Approach

The approach established in this fate and transport evaluation to attain the above-described objective

is three-fold and includes the following steps:

]

A:\f&tn:ptl·2.wpd

u.s. Environmental Protection Agency, July 31,1995. Memorandumfrom Elliot Laws, Assistant
Administrator, to Regional Administrators Region I - X Regarding Superfund Groundwater
RODs: Implementing Change This Fiscal Year.
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• Review of Site Specific Data and Completion of Conceptual Model - This

comprises the presentation of site-specific geologic, hydrogeologic, DNAPL

occurrence, and land use information; which are integrated into a Conceptual Site

Model. This Conceptual Site Model forms the basis ofcompleting the simulations

that evaluate thefate andtransport ofchemicalconstituents in shallow groundwater

to hypotheticalfUture shallow groundwater users considering reasonable potential

fUture exposure scenarios.

• Simulation of Chemical Constituent Transport- This step involves conducting

several analytical simulations that evaluate the natural processes (i.e., adsorption

and biodegradation) that would potentially impact the migration of chemical

constituents in shallow groundwater from potential source areas to hypothetical

fUture shallow groundwater users considering reasonable potential fUture use

exposure scenarios. Section 3.3.1 provides discussion ofboundary conditions which

presents more detail regarding these scenarios.

• Exposure Observations - This step summarizes the results ofthe above two steps

andprovides observations with regard to the potentialfor exposure to hypothetical

fUture users of shallow groundwater considering reasonable potential fUture

exposure scenarios.

1.3 Report Organization

The following section (Section 2.0) presents Site background information and a Site conceptual

model. The Site conceptual model summarizes the following information:

• physical Site characteristics;

• past, current and reasonable future land use;

• current and reasonable future groundwater usage;

• Site hydrogeologic conditions;

• inferred distribution ofDNAPL;

• nature and extent of Site constituents of interest (COIs) in groundwater;

...
A:\f&:treptl-2.wpd 3
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• physical and chemical characteristics ofthe COls.

A.ugust 1997

Section 3.0 presents the technical approach and methodologies used to complete the fate and

transport evaluation. Input parameters used in the analytical simulations are identified and

references are provided. Section 4.0 presents the results ofanalytical fate and transport simulations.

Conclusions and recommendations are presented in Section 5.0.

• A:\f&treptl-2.wpd 4
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2.0 DEVELOPMENT OF CONCEPTUAL SITE MODEL
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This section provides the detailed basis for the development of the Conceptual Site Model. Site­

specific information relevant to this shallow groundwater fate and transport evaluation is evaluated

in detail below. The majority of this information was obtained during the RI and pilot testing

programs. Thereafter, this information is integrated into the Conceptual Site Model, which provides

a concise description of the significant facets of the Site and their interrelation to each other. The

Conceptual Site Model serves as the basis for the fate and transport evaluation and groundwater

exposure assessment. As necessary, the Conceptual Site Model is supplemented by information

presented in the peer-reviewed technical literature.

2.1 Site Background Information

A detailed discussion ofSite background information which provides the basis for the Conceptual

Site Model is provided below.

2.1.1 Site Setting and Operating History

The South Cavalcade Site occupies approximately 66 acres ofurban land approximately three miles

north ofdowntown Houston, Texas. The site is rectangular in shape wi~ a length ofapproximately

3,400 feet (in the north-south direction) and a width of approximately 900 feet (in the east-west

direction). A site base map is provided as Figure 2.

The Site was operated as a wood treating plant from 1910 until 1962. Creosote and various metal

salts were utilized in the wood treating processes. The wood treating process area was located in the

southern portion of the Site along Collingsworth Street. Koppers Company, Inc. (Koppers), now

known as Beazer East, Inc. (Beazer), operated the wood treating facility from 1944 until closure in

1962. A coal tar distillation plant was operated by Koppers on the southeastern portion of the Site

from about 1944 until 1962. Since the discontinuation of these operations, several trucking firms

have occupied the property.

Land use in the vicinity ofthe Site is a mixture ofcommercial, industrial and residential. Industrial

and commercial properties are located to the east and across Collingsworth Street to the south of

A:\f&:treptl·2.wpd 5
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the Site. The North Cavalcade Superfund Site, which is also the location ofa former wood treating

facility, is located directly across Cavalcade Street to the north of the Site. Active rail lines
immediately border the Site boundaries to the east and the west. The nearest residences are located
several hundred feet to the west of the Site.

.The Site is currently occupied by three separate trucking firms; thus, much of the ground surface,
especially in the southern and northern portions of the Site, is covered by concrete or asphalt
pavement or buildings as shown on Figure 2. The central portion of the Site is currently
undeveloped. The groundwater treatment facility is located along the eastern Site boundary in the
central portion ofthe Site. Continued future use ofthe Site properties for non-residential purposes
is to be reasonably expected.

According to the RI Report, the area surrounding the South Cavalcade Site is suited to industrial
activities due to its close proximity oftransportation corridors including, active rail lines, Interstate
610, Interstate 45 and u.S. Highway 59. Information presented in the RI Report indicates a decline
in population and households in the vicinity ofthe South Cavalcade Site. Housing vacancy rates in
the vicinity ofthe Site are reported to be significantly greater than the average rate for the City of
Houston. A continued decline in total population and households in the vicinity of the Site is
expected in the future according to the RI Report.

2.1.2 Environmental Investigation and Remedial Adivities

In 1983, the Houston Metropolitan Transit Authority investigated the Site for potential mass transit
use. Results of this investigation indicated localized areas of potential impact and the Site was
subsequently referred to the Texas DepartmentofWaterResources (IDWR). In Apri11984, TDWR
recommended to EPA that the Site be placed on the National Priorities List (NPL). In October 1984,
EPA proposed that the Site be added to the NPL. The Site was formally included on the NPL in June

1986.

A:\f&treptl-2.wpd 6
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In March 1985, Koppers entered into an Administrative Order on Consent to conduct a Remedial
Investigation/Feasibility Study (RI/FS) at the Site. The RIlFS was completed by Koppers in August
1988 with submittal ofthe Remedial Investigation Report and the FeasibilityStudy Reporf to EPA.

The ROD was subsequently issued by EPA in September 1988 and presented the selected remedial
alternatives for Site soil and groundwater. The selected remedial" alternative for groundwater
included extraction and treatment ofgroundwatercontaining constituentconcentrations greater than

the remedial goals. The ROD stipulated that groundwater extraction will continue until constituents
have been recovered to the maximum extent possible, as detennined through the Remedial Action,
based upon experience in operating the groundwater collection and treatment system. The ROD
specified that once EPA had determined that groundwater constituents have been recovered to the
maximum extentpossible, operation ofthe groundwatercollectionandtreatmentsystemwould cease
and remaining constituents would be allowed to naturally attenuate to background levels.

The DetailedStatement ofWorkfor Remedial Design/Remedial Action (Sowt was completed by
EPA in May 1990. The SOW described the remedial design and remedial action (RDIRA) activities
to be performed by Beazer including pilot study tasks to support the design ofthe selected remedies.
In March 1991, Beazer entered into a Consent Decree7 with EPA for implementation ofthe RDIRA
activities specified in the sow. The sow was subsequently incorporated into the EPA-approved
Remedial Design Work Plan (RDWP)8 prepared by Bechtel Environmental, Inc. (Bechtel) on behalf
ofBeazer dated March 1992.

4

s

6

7

8

A:\f&treptl-2.wpd

Keystone Environmental Resources, Inc., July 1988. Final Report - Remedial Investigation, South
Cavalcade Site. Houston, Texas.

Keystone Environmental Resources, Inc., August 1988. Feasibility Study, South Cavalcade Site,
Houston, Texas.

U.S. Environmental Protection Agency, May 1990. Remedial Design Detailed Statement o/Worlc,
South Cavalcade Site, Houston. Texas.

U.S. Environmental Protection Agency, March 1991. South Cavalcade CERCLA RD/RA Consent
Decree, Civil Action No. H-90-2406.

Bechtel Environmental, Inc., March 1992. Remedial Design Work Plan, South Cavalcade Site,
Houston, Texas.
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Pilot study tasks conducted to support the groundwater remedial design included a groundwater

collection well pilot study, groundwater recovery trench pilot study and groundwater treatment

system pilot study. Pilot study tasks were completed in October 1993. The 100% Remedial Design

for the Groundwater Collection and Reinjection System and DNAPL Recovery System9 was

submitted to EPA in December 1994 and was subsequently approved. The groundwater remedial

design provided for groundwater collection and DNAPL recovery in three separate Site areas,

referred to as Groundwater Remedial Action Areas (GRAAs), as shown on Figure 3.

Implementation of the groundwater remedial action was initiated in June 1995 in accordance with

the EPA-approved Remedial Action Work Plan (RAWP)lO dated May 1995 and associated support

documents. The locations of the groundwater collection wells, DNAPL recovery wells, and

combined groundwater collectionIDNAPL recovery wells installed as part of the groundwater

remedial action are also shown on Figure 3. One DNAPL recovery well (Well RWN-4) and four

groundwater collection wells (RWN-l, RWN-2, RWN-3 andRWN-5) were installed within GRAA

1 located in the northern section of the Site. One DNAPL recovery well (Well RWS-5) and three

groundwater collection wells (RWS-3, RWS-4, and RWS-6) were installed within GRAA 2 which

includes the area formerly occupied by the coal tar distillation plant. Two combined groundwater

collection/DNAPL recovery wells (RWS-l and RWS-2) were installed within GRAA 3 which

includes the area formerly occupied by the wood treating process area.

Following completion ofthe groundwater treatment plant modifications, start-up ofthe groundwater

collection and DNAPL recovery components of the groundwater remedy was conducted in

September 1995. In an EPA letter dated October 6, 199511
, EPA indicated that ''there is some

question as to whether EPA will continue to apply the current remedial action goals [Le., the

remedial goals specified in the ROD issued in 1988] to groundwater cleanup." This direction was

taken in response to the previously discussed July 31, 1995 EPA memorandum directing a policy

9

10

11
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McLarenIHart Environmental Engineering Corporation, December 1994. /OOOA, Remedial Design
for the Groundwater Collection and Reinjection System and Dense Non-Aqueous Phase Liquid
Recovery System, South Cavalcade Superfund Site, Houston. Texas

Dames and Moore, May 1995. Final Remedial Action Work Plan, South Cavalcade Site, Houston,
Texas.

u.s. Environmental Protection Agency, October 6, 1995. South Cavalcade Street Superfund Site
Groundwater Exposure Assessment Work Plan, September /996. EPA Review Comments.
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favoring ARAR waivers at Sites where it is technically impracticable to remediate groundwater to

Federal or State standards. As provided by the October 6, 1995 EPA letter and in accordance with
an agreement between EPA and Beazer, groundwater collection and treatment has been delayed

pending detennination ofthe potential inapplicability ofthe groundwater remedial goals specified
in the ROD. Operation ofthe DNAPL recovery component ofthe groundwater remedy is currently

ongoing.

DNAPL recovery operations were conducted in conjunction with groundwater pumping during
November and December 1995 as start-up/shakedown of the groundwater treated system was
completed. In January 1996, operation of the DNAPL recovery system in the passive mode of
operation was initiated in accordance with the EPA-approved 100% Remedial Design. Evaluation
ofthe DNAPL recovery data collected through June 1996 in accordance with the statistical protocol
(Le., zero-slope analysis) specified in the Groundwater Extraction System Performance Monitoring
Plan (GESPMP)12 indicated that DNAPL had been recovered to the ''maximum extent possible"
under the passive mode ofoperation.

As a result and in accordance with the EPA-approved 100% Remedial Design, DNAPL recovery
with groundwater extraction to enhance hydraulic gradients was initiated in one GRAA (GRAA 3)

to evaluate the effectiveness and practicability of this enhancement prior to its use in the other
GRAAs. Evaluation of the DNAPL recovery data collected in GRAA 3 from July through
September 1996 indicated thatgroundwater extraction (at a pumping rate of0.3 gpm from individual
recovery wells) appeared to enhanceDNAPL recovery in Wells RWS-l and RWS-2. Based on this
observation, DNAPL recovery with groundwater extraction to enhance hydraulic gradients was

initiated in GRAAs 1 and 2 in October 1996. Currently, DNAPL recovery with groundwater
extraction is being conducted in all three GRAAs. As ofthe end of1996, approximately 475 gallons
ofDNAPL have been removed from the shallow water bearing zone.

In addition to the ongoing DNAPL recovery operation, Beazer has been conducting annual
groundwater monitoring since March 1993 in two deeper monitoring wells located in the vicinity

of the Site, as stipulated in the ROD.

12

A:\f&treptl·2.wpd

KEY Environmental. Inc., August 1995. Groundwater Extraction System Performance
Monitoring Plan, South Cavalcade Superfund Sile, Houston, Texas.

9

000462



Groundwater Fate and Transport
Evaluation Report
South Cavalcade Superfund Site August 1997

Over the course if these investigative and remedial activities, several monitoring wells have been
installed at the Site. Table 2 summarizes monitoring well construction infonnation for these wells.
This infonnation is presented in order to facilitate the evaluation ofgroundwater infonnation.

2.1.3 Shallow Site Geology

The majority ofSite geologic infonnation was developed during the RI and subsequent pilot testing
and remedial activities. Shallow Site stratigraphy is depicted on geologic cross-sections A-A' and
B-B' presented as Figures 4 and 5, respectively (See Figure 2 for the plan locations of the cross­
section lines). The Site is underlain by a series offluvial deltaic deposits consisting ofcontinuous
and discontinuous, interbedded layers offine sand, siltandclay. Generalized descriptions ofdiscrete
geologic units in order of increasing depth from ground surface are provided below. In the
descriptions provided below, reference is made to tenninology used in the ROD, RI Report and
subsequent documents.

The surficial geologic unit at the Site consists ofdeltaic deposits comprising the lower portion ofthe
Beaumont Fonnation. This typically occupies an interval from ground surface to 17 to 22 feet below
ground surface. These strata have been collectively referred to as Unit 1 in the RI Report.
Approximately, the upper 8 to 12 feet ofthis unit is comprised ofsandy or silty clay deposits. This
upper zone within Unit 1 is referred to as the "shallow aquitard" in the RI Report. This unit is
laterally continuous across the Site. According to the RI Report, this unit, in conjunction with the
concrete orasphalt pavement, where present, pennit relatively little recharge to shallow groundwater
from surface water infiltration.

Below the surficial clay stratum is a zone ofnon-cohesive silty sand deposits, which are continuous
across the Site. According to the RI Report, the thickness ofthis unit ranges from 2 to 15 feet across
the Site. This zone is referred to as the "shallow aquifer" in the RI Report. Because this unit is
laterally continuous, situated near to the ground surface and is generally comprised of a greater
percentage ofsandy material with respect to the other shallow geologic units beneath the Site, this
unit is identified as the zone in which lateral movement ofgroundwater is most likely to occur. This
zone is the subject of the fate and transport evaluation presented in this report.

A:\f&treptl.2.wpd 10
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Directly underlying the shallow aquifer are interbedded deposits primarily composed of silts and
clays offluvial/deltaic origin. These deposits are laterally continuous across the Site and typically
extend to a depth of approximately 115 feet below ground surface as shown on Figures 4 and 5.
These sediments represent the strata referred to as Units 2 and 3 and the "intennediate aquitard" in
the RI Report. The upper zone ofcohesive silts and clays within Unit 2 has been referred to as the
''the basal confining unit for the shallow aquifer" in previous documents.

The configuration ofthe upper surface ofthe intennediate aquitard (Le., basal confIning unit for the
shallow aquifer) is depicted on Figure 6. The top ofthis unit is irregular and generally slopes from
west to east in the opposite direction of shallow groundwater flow. The average vertical
penneability ofthe intennediate aquitard is reported to be 3 X 10-8 cm/sec, which is indicative ofan
effective aquitard. Secondary features such as "slickensides" and sandy or silty seams were noted
within the upper portion ofthis unit in some instances during the RI soil boring or monitoring well
drilling activities. During the RI, soil samples were collected from within this aquitard for field
screening for total aromatic hydrocarbons and for laboratory analysis for PARs. The results ofthe
screening and laboratory analyses do not indicate that DNAPL has migrated to depth within this unit
via the naturally occurring secondary penneability features.

As indicated inthe RI Report and shown on the geologic cross-sections A-A' and B-B', discontinuous
zones of silty sand deposits exist within the intennediate aquitard at some locations. These
discontinuous silty sand sediments comprise the lowennost portion ofUnit 2 and are also referred
to as the "intermediate zone" in the 100% Remedial Design. Groundwater monitoring wells were
installed within this unit as part of the RI. Where present, the thickness ofthe discontinuous silty
sand deposits are reported to range from 5 to 15 feet. In the areas of interest for this fate and
transport evaluation (Le., areas where DNAPL exists in the shallow aquifer), the base ofthe shallow
aquifer and the top ofthe discontinuous silty sand unit are separated by a minimum vertical distance
of20 feet.

Strata in the interval from directly beneath the discontinuous silty sand deposits to an approximate
depth of 115 feet below ground surface are comprised primarily ofclay. These strata are referred
to as Unit 3 in the RI Report. This unit acts as a basal confining unit for the overlying discontinuous

silty sand deposits, where present.

A:\f&ucptl-2.wpd 11

000464



, Groundwater Fate and Transport
Evaluation Report
South Cavalcade Superfund Site

2.1.4 Hydrogeologic Conditions

AUlust 1997

Characterization of Site hydrogeologic conditions has been completed through implementation of

RI and pilot testing activities. Aquifer characterization activities have focused primarily on the
shallow aquifer and discontinuous silty sand unit within the intennediate aquitard. Table 2 presents
monitoring well construction information which is of use to aquifer characteriZation.

Groundwater flow in the shallow aquifer is to the west. Observed horizontal hydraulic gradients
range from 0.002 ftlft to 0.006 ftlft in the Northern Area and 0.003 to 0.006 ftlft in the Southern Area
(Keystone, July 1988). A potentiometric surface contour map for the shallow aquifer constructed
from elevation datapresented in the RI Report is included as Figure 7. Hydraulic conductivities have
been detennined through the completion ofaquifer testing programs conducted in the southern and
northern portions ofthe Site. An average hydraulic conductivity of7.8 x 10-3 em/sec (8,070 ftlyear)
for the shallow aquifer in the northern portion ofthe Site (Le., GRAA 1) was determined from data
obtained from a constant rate pumping test performed during the Groundwater Collection Trench
Pilot Studyl3. An average hydraulic conductivity value of 1.6 x 10-3 em/sec (1,655 ftlyear) was
calculated for the shallow aquifer in the southwestern portion ofthe Site (Le., GRAA 3) from data
obtained through a constant rate pumping test performed as part ofthe Extraction Well Pilot Study.

Average hydraulic conductivities for the discontinuous silty sand unit within the intermediate
aquitard in the northern (Le., GRAA 1) and southwestern (Le., GRAA 3) portions ofthe Site were
estimated as 3.9 x 10-4 em/sec (404 ft/year) and 3.2 x 10-4 em/sec (331 ftlyear) respectively. These
data were obtained from constant rate pumping tests conducted as part ofthe Extraction Well Pilot
Studyl4. These estimated average hydraulic conductivity values for the discontinuous silty sand zone
within the intermediate aquitard are approximately one order ofmagnitude less than the hydraulic

conductivities estimated for the shallow aquifer.

13
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McLarenIHart Environmental Engineering Corporation, October 1993. Groundwater Collection
Trench Pilot Study Report.

Keystone Environmental Resources, Inc., July 1992. Extraction Well Pilot Study Report, South
Cavalcade Site, Houston. Texas.

12

000465



Groundwater Fate and Transport
Evaluation Report
South Cavalcade Superfund Site August 1997

Due to the lower hydraulic conductivity and lateral discontinuity ofthis unit, dissolved constituents
in groundwaterare expected to migrate within the intermediate water-bearing zone at a much slower
rate in comparison to the shallow aquifer. Therefore, a groundwater fate and transport evaluation,
which considers the potential lateral transport ofconstituents in the shallow aquifer, will be more
protective than a similar assessment conducted for the discontinuous silty sand zone intennediate
aquitard.

Evaluation ofpotentiometric surface elevations measured in monitoring wells screened within the
shallow aquifer and discontinuous silty sand unit within the intennediate aquitard· indicate that a
downward vertical gradient exists within the shallow groundwater units beneath the Site.

2.1.5 Inferred Extent of DNAPL

An evaluationofthe extent ofDNAPL in the shallow aquifer was perfonned as part ofthe Remedial
Design for the GroundwaterCollectionand Reinjection Systemand DNAPL Recovery System. This
delineation ofthe extent ofDNAPL was developed based on detailed evaluation of the following
information obtained from the RI Report and subsequent pilot tests:

•

•

•

•

The observed presence ofa separate phase DNAPL layer in Site monitoring wells;

The results ofchemical analysis ofsoil and groundwater samples collectedwithin the
shallow aquifer;

The location of the fonner plant process areas where the maximum past-release
potential exists; and,

The configuration ofthe top of the aquitard to the shallow aquifer.

This approach for assessing the possible presence ofDNAPL is consistent with that described in the
EPA document titled DNAPL Site EvaluationlS by Mercer and Cohen.

IS
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Mercer, I.W., and R.M. Cohen, February 1993. DNAPL Site Evaluation, Robert S. Kerr
Environmental Research Laboratory, Office ofResearch and Development, U.S. EPA, Ada,
Oklahoma.
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2.1.5.1 DNAPL Measurements and Constituent Concentrations in Groundwater

August 1997

Evaluation ofthe presence ofDNAPL in Site monitoring wells installed within the shallow aquifer

and discontinuous silty sand zone within the intermediate aquitard was conducted during the RI and

in conjunction with the Groundwater Collection Trench Pilot Test. During the RI, the presence of

DNAPL in Site monitoring wells was based on visual observations made during collection of

groundwater sampling. Determination of the presence or absence of DNAPL based on direct

measurement using an oil/water interface probe was not conducted during the RI.

According to the RI Report, DNAPL was visually noted in shallow monitoring well OW-II (located

in the former coal tar distillation plant area) and monitoring wells MW-14 (located in the former

wood treating process area) and P-03 (located in the former coal tar distillation plant area) which

are installed in the discontinuous silty sand zone within the intermediate aquitard. Additionally, an

evaluation of the RI groundwater analytical results suggests the possible presence of DNAPL in a

limited number ofgroundwater samples collected from other monitoring wells. These data indicate

that measured concentrations ofsome PAH constituents exceed their respective calculated effective

solubilities in groundwater samples collected from shallow aquifer monitoring wells MW-06

(located in the former wood treating process area), OW-02 (located in the northern portion ofthe site

in the vicinity ofthe former "Pond Area") and OW-10 (located in the former wood treating process

area).

The absence or presence of DNAPL in Site monitoring wells was reevaluated during the

Groundwater Collection Trench Pilot Study in August 1993 using an oil/water interface probe. If

DNAPL was determined to be present in a monitoring well, then the apparent thickness of the

DNAPL layer in the monitoring well was measured. Table 3 summarizes the results of this

evaluation for those monitoring wells for which potential DNAPL presence was previously inferred

based on RI groundwater analytical data and/or visual observations made during the RI.

As described in the Groundwater Collection Trench PilotStudyReportAddendum 16 (McLarenIHart,

1993) and discussed during the December 15, 1993 pre-design meeting, the measured DNAPL

16
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McLarenlHart Environmental Engineering Corporation, 1993. Groundwater Collection Trench
Pilot Study Report Addendum, South Cavalcade Superfund Site, Houston, Texas.

14

000467



Groundwater Fate and Transport
Evaluation Report
South Cavalcade Superfund Site AUKust 1997

thicknesses representan overestimate ofthe actual DNAPL thickness in the aquifer. The conclusion,
that DNAPL thicknesses measured in the monitoring wells provide an overestimate of the actual
thickness in the aquifer, is predicated on the fact that these well screens and coarse sand backfill
were extended below the top ofa low permeability unit, which acts as a capillary barrier to vertical
DNAPL migration. When a monitoring well is constructed in this manner, DNAPL may migrate
.vertically through the coarserbackfill material surrounding the well screen. As a: result, DNAPL will
accumulate in the wellbore at elevations below the top of the low permeability barrier. In this
instance, the measured DNAPL thickness will exceed the actual thickness in the aquifer by the length
that the well extends beneath the top of the low penneability barrier. For example, review of the
well construction and boring logs contained in the RI Report for wells QW-2 and MW-06 indicate
that the bottom ofthe well is at an elevation ofapproximately one foot below the top ofthe clay unit.

The locations where DNAPL was noted in the discontinuous sandy silt zone within the intermediate
aquitard (monitoring wells P-02, P-03, MW-12 and MW-14) correspond to locations where DNAPL
was also observed in the shallow aquifer during eitherthe RI or Groundwater CollectionTrenchPilot
Study. However, based on review ofdrilling and well construction techniques used for installation
of the intennediate zone monitoring wells and subsurface geology (i.e., presence of a low
permeability semi-confining layer), it is believed that the DNAPL observed in the intermediate zone
may have been carried down from the shallow zone during RI drilling activities. This is supported
by the following information:

• The boreholes for intennediate well installations were advanced using the hollow stem auger
drilling techniques. Surface casings were not installed to seal off the shallow zone and
prevent downward migration ofDNAPL during drilling and well installationactivities. With
the hollow stem auger drilling technique, no fluids are added or recirculated during borehole
advancement. Thus, there are no fluids traveling in the borehole with an upward velocity
while the boring is advanced. As a result, DNAPL could enter the borehole within the
shallow zone and migrate, unimpeded and under the force of gravity, into the intermediate
zone.

• Well construction details indicate that a bentonite pellet seal was not placed above the well
screen in well P-02 and P-03. Thus, any openings between the cement-bentonite grout
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column and the borehole wall would act as a conduit for downward migration of DNAPL
from the shallow aquifer to the intermediate zone.

2.1.5.2 Remedial Investigation Soil Analytical Data

Several soil borings were advanced within the shallow aquifer and discontinuous silty sand umt
within the intermediate aquitard during the RI. Figure 8 presents the locations ofthese soil borings.
Selected soil samples collected from within these units were screened in the field for total aromatic
.hydrocarbons using afluorescence technique and/oranalyzed in the laboratory for PAHs. The results
of this testing are presented in Table 4.

This information was evaluated during the Remedial Design to assess the possible presence or
absence of DNAPL where this detennination cannot be made through direct observation i.e.,
locations where monitoring wells have not been installed. The two criteria used for potential
DNAPL presence at a particular boring location was a total aromatic hydrocarbon concentration of
greater than 10,000 mg/kg (1% of the soil mass) and/or a total PAH concentration of greater than

1,000 mg/kg (0.1% of the soil mass). These criteria are consistent with suggested methods for
inferring the presence of DNAPL by interpreting chemical analysis as described in Mercer and
Cohen (Footnote No. 15).

The borings meeting the above-stated criteria for inferring the possible presence of DNAPL are
located either within the fonner wood treating process area or the fonner "Pond Area" in the
northern portion ofthe Site as shown on Figure 9. With the exception ofboring Al O-SBO1, where
a total PAH concentration of 1416 mg/kg was measured in a soil sample collected from the
intermediate zone, the constituent concentrations measured in the soil samples collected from the
discontinuous silty sand unit within the intennediate aquitard do not exceed the criteria for inferring
the possible presence ofDNAPL. Thus, these results indicate that the vertical extent ofDNAPL is
limited to the shallow aquifer. As indicated previously in Section 2.1.5.1, surface casings were not
installed to seal offthe shallow zone and prevent downward migration ofDNAPL during RI drilling
activities. Infonnation presented in the log for this boring (Volume 2, Appendix F ofthe RI Report
[Reference No.4]) suggests the presence ofDNAPL in the shallow zone at this location. Thus it is
possible that the total PAH concentration measured in the soil sample from boring Al O-SBO1 is not

representative of conditions in the intennediate zone.
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The locations of the fonner process areas were considered in the evaluation to delineate potential

DNAPL recovery areas. The locations of the fonner wood treating area, the fonner coal tar

distillation area and the former "Pond Area" are also depicted in Figure 9. The locations ofthe wood

treating and coal tar distillation process areas were detennined from Sanborn Maps arid/or aerial

photography presented in the RI Report. Additionally, DNAPL has been observed in the location

ofthe fonner "Pond Area" located in the northern area ofthe Site. The location ofthis feature was

detennined through examination ofa 1964 aerial photograph presented in the RI Report.

2.1.5.4 Confining Unit Configuration

The configuration of the clay unit underlying the shallow aquifer was considered in the delineation

of the areas where DNAPL may be potentially present in the shallow zone. Because DNAPL

movement in the subsurface is primarily controlled by gravity, the presence oflow capillary barriers

such as this clay unit serve to impede the downward migration of DNAPL. Subsequent lateral

movement ofDNAPL, ifany, would be influenced by the slope ofthe capillary barrier. For example,

lateral DNAPL movement to the west of the fonner wood treating area is unlikely, even though

groundwater flow in the shallow aquifer is in this direction, because the upper surface of the clay

confining unit slopes to the east. The slope of this confIning layer is depicted in Figure 6.

Additionally, low lying areas in the upper surface of a capillary barrier act as stratigraphic traps

which limit the lateral migration ofDNAPL. A trough in the basal confining unit, extending from

the fonner wood treating operations area in the southwest comer of the site to the fonner coal tar

distillation area along the southeast property boundary, was identified. The location of this trough

roughly corresponds to monitoring well locations (MW-06, OW-IO, and OW-II) where DNAPLs

have been observed. A smaller and less pronounced depression in the confining layer also exists in

the vicinity of the fonner pond area in the northern portion ofthe Site. The locations of these low­

lying areas in the basal confining unit, in conjunction with the former locations ofthe plant process

areas and direct measurements of DNAPL in the shallow aquifer, served as the basis for the

placement of the DNAPL recovery wells.

Beazer believes that the creosote DNAPL observed at the Site is immobile based on the following

information.
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• Any potential for future release ofDNAPL to the subsurface was eliminated through plant

closure approximately 34 years ago. Thus, it can be reasonably assumed that any DNAPL

released during the plant operational period has achieved a static distribution as residual

pools and lenses in the subsurface because the driving force for its continued migration (i.e.

the continued release of DNAPL at the source) has been eliminated. This steady state

condition will persist unless certain types of changes, such as a substantial increase in

hydraulic gradients induced by groundwater pumping within the area where the DNAPL

exists, are imposed on the hydrogeologic regime.

• The movement ofDNAPL in the subsurface will be controlled by gravity and the slope of

low-permeability stratigraphic units as opposed to groundwater flow. Lateral migration of

DNAPL will therefore be in the down dip direction ofany low penneability layers capable

ofhalting the vertical migration ofDNAPL. The upper surface ofthe basal confining layer

for the shallow aquifer slopes to the east. Groundwater flow in the shallow aquifer is to the

west. Because the basal confining layer for the shallow aquifer slopes in the opposite

direction of groundwater flow, migration of free phase DNAPL in the direction of

groundwater flow is very unlikely.

• The specific gravity ofcreosote is only slightly greater than water. Mercer and Cohen report

that the specific gravity ofcreosote is typically in the range from 1.01 to 1.05 grams percubic

centimeter (glee), but may be as great as 1.14 glee in certain blends. Assuming other factors

are equal, the relatively low density of creosote translates to lower lateral and vertical

mobility of the free-phase liquid in comparison to other DNAPLs with greater specific

gravities (e.g. chlorinated solvents) . Consequently, greater DNAPL pool heights are needed

for lower density DNAPLs, such as creosote or other coal tar-based DNAPLs, to overcome

capillary threshold entry pressures which act to resist DNAPL migration. Once a capillary

barrier, such as a silt or clay layer, is encountered, which prohibits vertical migration of

DNAPL, lower density DNAPLs, such as creosote, are less likely to migrate laterally.

Furthennore, a greaterdip angle on the capillary barrier would be required to allow for lateral

movement of the lower density DNAPLs. The density of the creosote DNAPL at the South
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Cavalcade Site has not been measured. However, Beazer has measured a specific gravity of

1.05 glcc for a creosote DNAPL collected from another similar wood treating sitel7
•

• Creosote solutions are much more viscous than water. Mercer and Cohen report viscosities

for creosote and coal tar ranging from 10 to 70 centipoise (The viscosity of water is 1

centipoise). Thus, potentially mobile creosote would migrate at a much slower rate than

water. The viscosity of creosote in the subsurface may become even greater over time as

lighter more soluble fractions of the creosote solution dissolve in the groundwater. The

viscosity of the creosote DNAPL at the Site has not been measured. However, Beazer has

measured a viscosity of 18 centipoise for a creosote DNAPL collected from the former

Nashua, New Hampshire Wood Treating Site (Footnote No. 17).

2.1.6 Groundwater Constituents of Interest

The COIs for this assessment are the primary components of creosote which include polynuclear

aromatic hydrocarbon (PAH) compounds and aromatic volatile organic compounds (VOCs). PAH

compounds are the predominant components ofcreosote solutions, typically comprising over 85%

ofthe mass fractionl8
• The VOCs ofinterest for the South Cavalcade Site include benzene, toluene,

ethylbenzene and xylene (BTEX).

In general, PAH compounds are characterized by low aqueous solubilities, moderate degradability,

and a high affinity for adsorption to organic carbon. In general, the aqueous solubilities and

degradation rates for these constituents are inversely proportional to the molecular weight of the

compound. Adsorption to organic carbon increases with increasing molecular weight. Therefore,

the highermolecular weight PAH compounds are typically less mobile in groundwater than the lower

molecular weight PAHs.
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Queen's University, Deparnnent ofCivil Engineering, December 1993. Laboratory Results of
Creosote Testing for the Former Koppers Wood Treating Facility, Nashua, New Hampshire.

Mueller, J.G., P.J. Chapman and P.H. Pritchard. 1989. Creosote-Contaminated Sites-Their
Potentialfor Bioremediation. Environmental Science and Technology, 23:1197-1201.
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The majority of the PAH mass fraction of creosote solutions is typically comprised of the more
soluble and biodegradable lower molecular weight PAH constituents such as naphthalene and
phenanthrene (Footnote No. 18). Thus, the majority ofthe mass within dissolved phase groundwater

plumes created from a creosote source is typically comprised of the lower molecular weight PAH
compounds such as naphthalene and phenanthrene.

The concentrationofdissolved constituents in groundwater in equilibriumwith anon-aqueous phase
liquid (NAPL) comprised of a mixture of organic compounds, such as creosote, is tenned the
effective solubility. The effective solubility is defined as the mole fraction ofaparticular component
in a chemical mixture multiplied by the aqueous solubility of the pure compound. The individual
VOC compounds, in their pure fonn, are typically more soluble in water than the PAHs. However,
because VOCs comprise a very small portion ofthe mass in creosote solutions (less than 0.1%), the
effective solubilities ofthese constituents in groundwater in equilibrium with creosote are much less
than their true aqueous solubilities. Therefore, dissolved concentrations ofBTEX in groundwater
at creosote sites are typically on the order of 1 milligraml1iter (mg/l)19.

2.1.7 Groundwater Quality

Site groundwater quality was characterized through two site-wide rounds ofsampling and analysis
completed during the RI and one supplemental groundwater sampling event completed inNovember
1993. These analytical results were compared to remedial goals specified in the ROD during the
Remedial Design to define the areas to be addressed by the hydraulic containment component ofthe
groundwater remedy. A tabulated summary of the RI groundwater analytical data is presented in

AppendixA.

The supplemental groundwater sampling event completed in November 1993 involved the analysis
of groundwater samples from on-site shallow aquifer monitoring wells located hydraulically
downgradient oflocations where DNAPLs have been observed. Additionally, groundwater samples
were collected from the shallow aquifer monitoring wells where DNAPL has been observed to
provide groundwater analytical data to support the development of groundwater treatment system

modifications. Analytical data from the November 1993 groundwatersampling event is summarized

19
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Monitoring & Remediation, Volume 16, No.1, ppI12-117.
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in Table S. Table 6 summarizes the results ofanalyses for BTEX compounds in the Former Mobil
Terminal Monitoring Well MW-17, which is located downgradient (west) of the southern area of
the Site. A briefdiscussion ofthe distribution ofCOIs in shallow groundwater is provided below.

• Concentrations of one or more of the BTEX compounds above remedial goals were
measured in the groundwater samples from the monitoring wells where DNAPL was noted,
Benzene was the only BTEX compound measmed at a concentration above its remedial goal
in groundwater samples collected from monitoring wells located downgradient ofthe former
coal tar distillation area (monitoring well MW-04) and the former "pond area" in the
northern section ofthe Site (monitoring well MW-01).

• Information obtained from the TNRCC files indicates that Mobil bas collected groundwater
samples for analysis from monitoring well MW-17 on several occasions. Results of these
analyses indicate concentrationsofBTEXconstituents belowdetection limits inall instances.

• One or more potentially carcinogenic polynuclear aromatic hydrocarbon (pcPAH)
compounds were reported at estimated concentrations greater than the sample detection
limits in groundwater samples from the monitoring wells where DNAPL was noted. The
pcPAH constituents were not detected in groundwater samples collected from monitoring
wells located downgradient ofthese areas.

• Analytical results from the supplemental groundwater sampling completed in November
1993 and samples collected from the pilot scale groundwater collection trench indicate that
total concentrations ofthe metals ofinterest are less than remedial goals with two exceptions.
Arsenic was measured at aconcentrationabove the remedial goal in monitoring well MW-06
which is located in the former wood treating operations area. Zinc concentrations above the
remedial goal were measured in the samples collected from the pilot groundwater collection
trench. Concentrations of these constituents were less than remedial goals in on-site
monitoring wells located hydraulically downgradient ofthese two locations. Additionally,
arsenic and zinc concentrations measured in the groundwater samples collected from the
background monitoring well (monitoring well MW-07) during the RI exceed their respective

remedial goals. Because concentrations of inorganic constituents do not exceed the ROD
remedial goals at the downgradient Site boundary and certain inorganic constituents were
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measured in the background groundwater samples analyzed during the RI, these constituents

were not evaluated as part ofthis fate and transport evaluation in accordance with the EPA­
approved Work Plan (Reference No.1, Page 5-1).

• Concentrations of the organic and inorganic constituents are less than remedial goals in
shallow aquifer monitoring wells MW-05 and MW-08 which are located to the west
(downgradient) ofthe northern and southern sections ofthe Site, respectively.

The distributions oftwo ofthe more mobile and prevalent COls in the shallow aquifer, naphthalene
and benzene, are presented in Figures 10 and 11, respectively.

2.1.8 Local Groundwater Usage

As indicated in the ROD, there are no groundwater supply wells in the shallow aquifer within one
mile ofthe Site. According to the ROD, on-Site businesses, and nearby businesses and residents,
are all currently served by the city water supply which originates from either a deep well located
more than ten miles from the Site or from a reservoir located more than 20 miles from the Site.
Future water use is expected to be consistent with the current use. As part ofthis assessment, a well
inventory was conducted to update and confinn the information presented in the ROD.

The well inventory consisted ofa search of information on file with the Texas Water Development
Board and the Harris-Galveston Coastal Subsidence District (HGCSD). Groundwater supply wells
identified through this search are presented on Figure 12. The results of the recent evaluation are
consistent with information presented in the ROD (page 14) in that no groundwater supply wells
were identified in the shallowaquifer within a one-mile radius ofthe Site. With the exception oftwo
wells, all identified wells are completed at depths of three hundred feet or more below ground
surface. The remaining two wells are reportedly completed at depths of61 and 80 feet below ground
surface, are not located hydraulically downgradient ofthe Site, and are located approximately 2000
feet from the Site boundary.

As stipulated in the ROD, Beazer currently conducts annual groundwater monitoring in two deeper

monitoring wells installed to the southwest of the Site. The two monitoring wells, designated as

LeW-OI and DW-02, are completed at depths of 530 feet and 225 feet below ground surface,
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respectively. Groundwater samples are analyzed for the pcPAHs by EPA Method 8310. Analysis
by this method provides for detection limits for the individual constituents ofinterest ranging from
0.02 ugll to 0.15 ugll. Five sampling events have been completed to date. Analytical results for the
pcPAH constituents have been less than their respective detection limits for all five sampling events.
These groundwater analytical results demonstrate that no impact to the deeper aquifers beneath the
Site currently exists.

The potential for future use of groundwater from the shallow aquifer in the vicinity of the Site is
extremely remote. As indicated in the ROD (Page 13), on-Site occupants and neighbors are all
served by the City water supply which originates from either a deep well located more than 10 miles

off-site or a reservoir located over 20 miles from the Site. On-Site property owners are prohibited

from installing groundwaterproductionwells on theirproperties by virtue oftheir respective Consent
Orders with the United States and corresponding settlement/access agreements with Beazer. The
permitting process established by the HGCSD serves to restrict future groundwater usage in the
Houston area. The role ofthe HGCSD is to regulate groundwater withdrawals for the purpose of
ending subsidence which causes flooding. Reportedly, as much as 10 feet of subsidence has

occurred in parts ofHarris County.

Beazer has determined that the HGCSD is not likely to grant permits for new groundwater wells in
the Harris County area, and particularly not for any wells that would draw from the shallow aquifer
underlying the Site and the surrounding area. The HGCSD restricts by rule installation of new
groundwater wells in Harris County, Texas. Specifically, the District requires persons to submit a
pennit application and to obtain a pennit before installing a new well within its jurisdiction. Once
submitted, the Districtwill conduct ahearing on the pennit application to detennine whether to grant
the pennit. In so doing, the District will consider, among other factors:

(1) The quality, quantity, and availability ofsurface water at prices competitive with that
charged by suppliers of surface water in the district; and

(2) The applicant's use ofwater conservation measures.

The HGCSD may not grant the pennit unless it first fmds that there is "no adequate and available
substitute or supplemental source of surface water at prices competitive with those charged by
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suppliers of surface water in the district" pursuant to §TWC at 151.126. The HOCSD considers
surface water to be available "ifit can be utilized with the exercise ofreasonable diligence" (District
Rule 5.2).

However, there are some exemptions regarding the HOCSD authority to restrict well drilling in

"Harris County. If a well is for domestic use, is less than 5-inches in diameter and serves only one
house, an HOSCD permit is not required. For commercial applications HOCSD does not issue
permits if the city provides water from a surface source; however, if the city uses groundwater for
the area then the commercial applicant may be allowed to drill their own well as long as surface

water use is not decreased. Both permitted and permit-exempt groundwater wells are required to be

registered with the HOCSD at least five days prior to their installation.

Even if the District was to grant a new permit to a commercial applicant or a resident decided to
install their own groundwater production well, groundwater wells in the vicinity of the South
Cavalcade Site are typically installed within the deeper water bearing units.

Also the relatively "poor" natural groundwater quality in the shallow aquifer in the vicinity of the
Site makes its use as a private water source extremely unlikely. Naturally occurring inorganic
constituents, iron and manganese, were measured at levels well above their respective Texas
Drinking Water Standards in groundwater samples during the RI and November 1993 supplemental
groundwater sampling, respectively, demonstrating that the shallow groundwater is undesirable for
future use due to natural conditions.

The information presented above indicates that future use ofshallow groundwater in the vicinity of
the Site is not probable, and therefore, exposure to any constituents which may migrate off-site, is
extremely unlikely.

2.2 Conceptual Site Model

This section describes the conceptual site model by summarizing the critical parameters and/or
mechanisms that would effect the transport and/or attenuation ofCOIs from potential source areas

to potential receptors.
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The COIs are primarily limited to the groundwater within the shallow fluvial deltaic deposits,
comprising intermittent, interbedded fine sand, silt, and clay up to a depth ofapproximately 22 ft­
bgs. The unconfmed aquifer within this unit is encountered at a few feet below the ground surface
and flows in a generally westerly direction with a horizontal hydraulic gradient ranging from 0.002
to 0.006 ft/ft. Average horizontal hydraulic conductivities for the northern and southern sections of
the Site are 7.8 x to-3 cm/sec (8,070 ft/year) and 1.6 x to-3 em/sec (1,655 ft/year), respectively.
Although a vertical hydraulic gradient exists between the shallow aquifer and the intennediate
aquifer (60 to 115 ft-bgs), no COIs have been detected within the intennediate aquifer at a depth of
115 ft-bgs. For this reason, the unit of interest considered for this Conceptual Site Model, is the
shallow aquifer.

Based on groundwater sampling within the shallowzone, the COIs have been identified to be BTEX
and PAH compounds, which are typical for creosote DNAPL and are primarily limited to the shallow
unconfined aquifer. The source area for these COIs are the areas at the site where DNAPL is
detennined to be present. Due to the DNAPL having achieved a static distribution within the
shallowaquifer, no additionto ormovement ofDNAPL is anticipated overtime. However, the areas
containing static free-phase or residual DNAPL are anticipated to be a long term. source for the
occurrence ofdissolved phase COIs within groundwater.

COIs dissolve within the groundwater as a function of the effective solubilities of the respective
DNAPL components. These COIs flow in the general groundwater flow direction and migrate via
dispersion and advection mechanisms. Attenuation mechanisms such as adsorption and
biodegradation retard the rate at which the COIs migrate within groundwater. PAHs exhibit low
aqueous solubilities and are readily attenuated by naturally occurring organic carbon in the aquifer
matrix. BTEXconstituents exhibit moderate mobility, however, these constituents are more readily
attenuated by biodegradation.

The nearest potential future off-site groundwater exposure points are approximately 400 feet from
the potential constituent source areas. This distance and the hypothetical exposure point is used for

the further development of the fate and transport model (discussed in Section 3.0). However, the
availability ofwater from the public supply, poor quality ofthe shallow groundwater due to naturally

occurring conditions, the low yield ofthe shallow aquifer, and the fact that there are no groundwater
withdrawal wells (within the shallow aquifer) within one mile of the site, confirm. the protective
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nature of the assumed 400 foot distance to the nearest possible future receptor. For this reason, a
high level ofsafety and protectiveness is inherent within the fate and transport evaluation.

The poor quality of the shallow groundwater due to naturally occurring conditions is indicated by
iron concentrations measured during the RI and manganese concentrations measured during the
supplemental sampling eventconducted inNovember 1993. The Secondary Maximum Contaminant
Level (SMCL) for iron is 0.3 mgll. Iron concentrations in shallowgroundwater exceeded the SMCL
in all shallow zone groundwater samples analyzed during the RI. The measured iron concentrations
ranged from 1.42 to 181 mgll.

The SMCL for manganese is 0.05 mgll. During the November 1993 sampling event, manganese
concentrations exceeded the SMCL in seven ofthe eight shallow monitoring wells sampled. Total
manganese concentrations greater than the SMCL ranged from 0.14 mg/l to 3.3 mgll.

Infonnation generated through the pumping test completed by Keystone in the southwest area
suggest that the shallow zone is capable of yielding only small quantities of groundwater to an
extraction well. According to the Extraction Well Pilot Study Report (Reference No. 14), the
shallow groundwaterpumping well went dry after pumping for five hours at a rate of1.0 gpm. After
pumping at 0.5 gpm for 72 hours, adrawdown of10.73 feet, which corresponded approximately with
the bottom ofthe shallow zone, was measured in the pumping well.

The above-described Conceptual Site Model was used as the basis for the analytical modeling
completed within the remainder of this document.
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3.0 ANALYTICAL MODELING APPROACH AND METHODOLOGIES

Au,ust 1997

This section describes the technical approach and methodologies employed in completing the fate

and transport evaluation of PAH and VOC constituents in shallow groundwater at the South

Cavalcade Site. Justification for the selection of the analytical solutions used to simulate the fate

and transport of dissolved constituents in groundwater is also presented. As necessary, the input

parameters to the analytical solutions are presented and referenced.

Fate and transport simulations were perfonned for the COIs (PAHs and aromatic VQCs) identified

in the EPA-approved Work Plan (ReferenceNo.1, Page 5-1). As indicated previously, the inorganic

constituents of interest (arsenic, chromium, copper, lead and zinc) were not evaluated in this

assessment because data from the RI indicate detectable levels ofthese constituents in groundwater

samples collected upgradient of the Site, and the concentrations reported for these samples are

comparable to those measured in on-Site groundwater samples. In addition, the more recent

groundwater analytical data indicate that concentrations ofthese constituents are less than remedial

goals at the downgradient Site boundaries.

The model simulations were perfonned in a focused step-wise manner. Initially, the analytical model

simulations were completed to estimate the effects ofonly advection, dispersion and adsorption on

future constituent concentrations in groundwater. These initial worst case simulations were served

essentially as a screening tool in order to focus subsequent simulations on those constituents which

indicated a future potential to migrate to distances beyond the hypothetical future exposure points

at levels above their respective remedial goals. Based on the results of these initial "worst case"

simulations, Beazer upgraded the analytical model and perfonned additional simulations to account

for intrinsic biodegradation effects. This approach provides a protective estimation of the natural

attenuation occurring, balancing completion of more aggressive modeling with the need to

demonstrate the degree of natural attenuation.

3.1 Selection of Analytical Constituent Transport Models

In accordance with the EPA-approved Work Plan (Reference No.1, Page 3-1), an initial "worst

case" evaluation of the fate and transport of dissolved constituents in groundwater was perfonned

through the use ofa one-dimensional analytical model that simulates the dispersion ofconstituents
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in groundwater and subsequent attenuation, via adsorption to organic matter within the aquifer

matrix, as a function of groundwater velocity, time, and distance from the potential constituent

source. lIDs assessment was completed using a modified form ofthe Ogata-Banks equation20 which

is a one-dimensional solution to the dispersion-advection equation. A one-dimensional solution was
considered appropriate for the initial simulations to satisfy the objective ofproviding a ''worst case"

and most protective estimation ofpotential constituent transport. The Ogata-Banks equation was
selected for these simulations because it is a referenced and peer-reviewed analytical solution and

it is capable of simulating the fate and transport of dissolved constituents originating from a

continuous source (i.e., non-aqueous phase liquid). A Microsoft Excel™ spreadsheet program was

developed for conducting the Ogata-Banks simulations.

The Ogata-Banks equation assumes that a continuous source ofdissolved phase constituents exists

at a specific location (x) and that the concentrations ofdissolved constituents at the downgradient

limit ofthe source area (i.e, x=O) remains constant over time. Free-phase and residual DNAPL have

been observed in the shallow aquifer in the southwest area of the Site (the former wood treating

process area), southeast area (the former coal tar plant area) and in a small area in the northern

portion ofthe Site (in the vicinity ofDNAPL recovery well RWN-4). The rate ofdissolution ofthe

DNAPL into the shallow groundwater is limited by the relatively low effective solubilities of the

DNAPL constituents and, to a lesser extent, by the relatively low groundwater flow velocities.

Therefore, it is reasonable to assume for the purpose ofthe proposed simulations, that the free phase

and/or residual DNAPL act as a continuous source for dissolved phase constituents. Based on this

assumption, the Ogata-Banks equation is a valid analytical model for simulation of the fate and

transport ofdissolved constituents in groundwater over time.

As provided by the EPA-approved Work Plan (Reference No.1, Page 3-1), Beazer completed

additional simulations that consider the potential effects of intrinsic biodegradation. The analytical

simulations considering the effects of intrinsic biodegradation were performed using the

BIOSCREEN computer software program obtained through the EPA Center for Subsurface

Modeling Support in Ada, Oklahoma. The BIOSCREEN model was selected for these simulations

because this analytical model is predicated on the same boundary conditions and assumptions as the

Ogata-Banks equation. The BIOSCREEN computer tool is capable of simulating intrinsic

20
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Domenico, P.A. and F.W. Schwartz, 1990. Physical and Chemical Hydrogeology, John Wiley &
Sons, New York, pp 640.
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biodegradation as a first order kinetic reaction (Le., decay process). Similar to the modified Ogata­
Banks equation, this simulation incorporates the effects of advection, dispersion, and retardation.

This simulation is based on the Domenico21 "analytical model for multi-dimensional transport ofa
decaying contaminant species." The BIOSCREEN simulation can be considered to be the
multidimensional analogue to the modified Ogata-Banks equation with the additional consideration

offirst order decay ofthe contaminant species. By assigning an infinite value to the half-life for the
constituent source decay, this solution can be used to simulate the fate and transport ofdissolved
phase constituents from a DNAPL source. Therefore, the BIOSCREEN.solution was determined
to be appropriate for use in this fate and transport evaluation.

3.2 Analytical Solution Description

The modified Ogata-Banks equation accounts for one-dimensional dispersion in the direction of
groundwater flow and retardation of groundwater constituents via adsorption to organic carbon in
the aquifer materials. The modified form. ofthe Ogata-Banks dispersion-adsorption equation is as

follows:

where:

21
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C =constituent concentration at time (t) at distance (x) from the source area;

Co = constituent concentration at time 1=0 at the downgradient limit of the source
area (x=O);

Rf =the retardation factor for the constituent of interest;

Vgw = horizontal groundwater velocity; and,

Domenico, P.A., 1987. An Analytical Model for Multi-Dimensional Transport ofa Decaying
Contaminant Species. Journal ofHydrology, Vol. 91, pp 49-58.
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(X.t =longitudinal dispersivity.

AUf{llSt 1997

Forthis model, the constituent concentrations in groundwaterat the downgradient limit ofthe source
area will be assumed to be equal to their respective estimated effective solubilities in groundwater
in equilibrium with creosote. As indicated in Section 2.1.5, the effective solubility is a function of
the solubility ofthe pure compound in water and the mole fraction ofthe compound in the NAPL
solution.

The effective solubility ofa particular constituent can be estimated by the equation22
:

where:

SCi =the effective solubility or dissolved-phase concentration ofcompound i;
~ =the mole fraction ofcompound i in the NAPL solution; and,
Si =the solubility ofpure compound i in water.

The horizontal groundwater velocity (v'; will be calculated using Darcy's Law3 as given below:

Ki
n

where:

22

23
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K = horizontal hydraulic conductivity;

i =horizontal hydraulic gradient; and,

n = effective porosity ofthe porous medium.

Feenstra, S., 1990. Evaluation ofMulti-Component DNAPL Sources by Monitoring ofDissolved
Phase Concentrations. Presented at the Conference ofSubsurface Contamination by Immiscible
Fluids, International Association ofHydrogeologists, Calgary, Alberta, ApriI18-20, 1990.

Freeze, R.A. and J.A. Cherry, 1979. Groundwater, Prentice-Hall, Inc., Englewood Cliffs, New
Jersey.
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The retardation ofconstituent migration in groundwatervia adsorption is directly proportional to the
amount ofnaturally occurring organic carbon in the porous media. The equation for calculating the
retardation factor (R) is as follows:

where: 'Vgw =horizontal groundwater velocity;

vc = the velocity ofthe constituent of interest;

~=the partitioning coefficient;

Pb =the bulk density ofthe porous material; and,

n =effective porosity ofthe porous medium.

The equation for estimating the partitioning coefficient is as follows:

where, Kuc =partition coefficient ofthe compound on organic carbon; and,

foc = fraction oforganic carbon in the soil.

The BIOSCREEN solution was used to conduct fate and transport evaluations by simulating the
effects ofbiodegradation as a first order kinetic reaction. As indicated previously, the BIOSCREEN
simulation can be considered to be a multi-dimensional analogue to the modified Ogata-Banks
equation with the additional consideration of first order decay (Le., biodegradation) of the
contaminant species. The BIOSCREEN solution is based on the Domenico analytical model for
multi-dimensional (Le., 3-D) transport of a decaying contaminant species:
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C
C(x~,z,t) = (1-) exp[(x/2cx) [1 - (1 + 4ACXjV)!h]] erft[(x - vt(1 + 4ACXjV)!h)/(2(cx%vt)!h)]

[erj[(y + Y/2)/(2(cxyX)~)] - erj[(y - Y/2)/(2(CXyX)~)]]

[erj[(z + Z)/(2(cx;X)~)] - erj[(z - Z)/(2(cx:x)~)]]

BIOSCREEN simulations can be perfonned to incorporate dispersion in two or three dimensions.
Considering dispersion in the longitudinal andtransverse dimensions only, the Domenico "analytical

model for multi-dimensional transport ofa decaying contaminant species" reduces to the following
equation (Reference No. 21, Page 647):

where: A=the decay constant, or 0.693 divided by the constituent half life;

Y =the source width measured perpendicular to the direction ofgroundwater flow;

CXy=transverse dispersivity;

The remaining variables in the above equation are as defined previously in the description of the

Ogata-Banks Equation.
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The BIOSCREEN model was effectively transfonned to a one-dimensional solution to provide a
more protective evaluation of constituent fate and transport than a similar multi-dimensional
simulation in tenns of the simulated constituent migration distance. This was accomplished by
entering a negligible value for transverse dispersion of txt 0-10 ft. The one-dimensional approach is

considered most protective because this approach prevents decreases in constituent concentrations
due to transverse and vertical dispersions. This transformation was also perfonned in order to be
consistent with the one-dimensional Ogata-Banks simulations, and because the fate and transport
evaluation is concerned more withdowngradientconstituentmigration than withthe potential lateral
spreading ofconstituents via transverse dispersion.

3.3 Identification of Boundary Conditions and Input Data

The following subsections define the boundary conditions developed for the fate and transport
evaluation and the parameter values used as input to the analytical solutions.

3.3.1 Boundary Conditions

The analytical simulations were perfonned to estimate concentrations ofthe COls as a function of
time and distance from the source. Development of the necessary initial boundary conditions
required specification of the limits of the estimated constituent source areas (Le., x = 0), COl
concentrations at the downgradient limit of the source (Co) and the time at which the source
concentrations first existed (t=0). The same boundary conditions were specified for the simulations
using the Ogata-Banks equation and the BIOSCREEN analytical solution except that the use of
BIOSCREEN requires determination ofa source area width. The specified boundary conditions for
Northern and Southern Areas are depicted on Figures 13 and 14, respectively, and are described

below.

Source Concentrations (Co) - The assumed concentrations ofthe groundwater COls at the
downgradient limits ofthe constituent source (Le., x =0) will be values corresponding to the
calculated effective solubilities ofthe respective constituents in groundwater in equilibrium
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with creosote, as reported by Feenstra and Cherry24. These values are summarized in Table

7. The source concentrations were assumed to remain constant over the time period that

constituent fate and transport was modeled to appropriately simulate DNAPL acting as a

source for dissolved phase constituents in groundwater.

Source Area Limits (x = 0) - The boundary condition (x = 0) was defined as the

downgradient limit ofthe areas within GRAA 1 (northern area) and GRAA 3 (southwestern

area) identified as "Potential DNAPL Recovery Areas" on Figure 15. Because GRAA 2 is

located hydraulically upgradient ofGRAA 3, the transport ofCOIs in shallow groundwater

was not simulated for GRAA 2. The results ofthe fate and transport evaluations conducted

for GRAA 3 can essentially be considered as an overly protective estimate of constituent

transport from GRAA 2. .As indicated previously, the limits of these areas were defined

based on evaluation of the locations of former plant process area, groundwater and soil

analytical data, direct observation ofDNAPL in Site monitoring wells and configuration of

the upper surface ofthe basal confining unit for the shallow aquifer. The source area width

specified as a boundary condition for the BIOSCREEN analytical solution is the width ofthe

respective "Potential DNAPL Recovery Areas" measured perpendicular to the groundwater

flow direction.

Time at Which the Source Concentrations First Existed (to) - The time at which the

source concentrations first existed (to) could be defined as any time between the date when

wood treating operations were first conducted (circa. 1910) and the date when wood treating

operations were discontinued (1962). To provide a worst case estimate of the distance that

constituents may have migrated to date or a most protective estimate of the time when a
constituent may reach a potential exposure point in the future, to is defined as the date when

wood treating operations were first conducted. This assumption that a "source" existed at

the time that plant operations were initiated should be viewed as most protective because it

is likely that any downward migration of constituents from the ground surface to the

saturated zone would be significantly slowed by the low permeability clay which comprises

the vadose zone soils.

24
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Feenstra S. and I.A. Cherry, 1990. Groundwater Contamination by Creosote, In Proceedings
from The Eleventh Annual Meeting ofthe Canadian Wood Preserving Association, Toronto,
Ontario.
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For simulations which consider the effects of intrinsic biodegradation, to was protectively

assumed to be the date when wood treating operations were discontinued (1962). The

assumption favors a ''worst case" estimate of the time needed for a particular constituent

needed to attain a steady state constituentdistribution in groundwaterbecause the time period

during which biological activity has acted to reduce dissolved constituent concentrations

would likely be underestimated. Note that if the time predicted by the worst case

BIOSCREEN simulation for a particular constituent to attain a steady state distribution in

groundwater is less than 35 years (Le., 1962 to 1997), the distances that constituents are

predicted to have migrated would be the same regardless ofwhether the source first existed

in 1910 or 1962.

The boundary conditions for the distance over which the simulations were performed is the distance

to the nearest non-industrial property downgradient of the Site. This boundary condition is most

protective because, as discussed previously, future use of the shallow aquifer in the vicinity of the

Site is highly unlikely. The selection of the nearest non-industrial property as the hypothetical

location for future groundwater use, while protective, is justified on the basis that the well inventory

completed by Beazer indicates that groundwater supply wells installed for industrial use are typically

completed at depths of300 feet or more (See Table on Figure 12). As indicated previously, on-Site

occupants are prohibited from installing groundwater production wells on their properties by virtue

of their respective Consent Orders with the United States and corresponding settlement/access

agreements with Beazer. In the Northern Area, the area between the Site boundary and the

hypothetical location offuture groundwater use is occupied by a right-of-way for an active rail line.

In the Southern Area. the area between the Site boundary and the hypothetical location of future

groundwater use is occupied by an active petroleum storage facility and a right-of-way for an active

rail line. The selection ofthe locations of the hypothetical future groundwater users as the nearest

non-residential properties considers and is consistent with the exemption from HGCSD permitting

for wells less than 5-inches in diameter and serving a single household.

The time period over which the fate and transport ofthe COIs were simulated using the Ogata-Banks

equation corresponds to the time at which the simulations depict that the advective front has reached

the hypothetical future receptor location. BIOSCREEN simulations were run to determine the time

at which the simulated plume reached a "steady state" condition. The simulated "steady state" plume
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configurations represent estimated maximum constituent concentrations within the plume and the

maximum distance that the constituents may migrate downgradient of the potential source area.

3.3.2 Input Data

To the extent practicable, Site-specific information was utilized as input to the groundwater

constituent fate and transport models. In instances where it was not feasible to use Site-specific data

for input to the models, default values from peer-reviewed published sources were used. These

assumed parameter values were selected to be representative of Site conditions, to the extent

practicable. Ranges ofinput parametervalues were specified and utilized to develop "best case" and

''worst case" scenario simulations. The range of parameter values used in these simulations and

associated references are provided in Table 8. Rationale used in the selection ofthe input parameter

values is presented below.

Hydraulic Conductivity - Site-specific hydraulic conductivity information was used as

input data in the fate and transport simulations. Because the shallow aquifer is comprised

ofheterogeneous deltaic deposits, a range ofhydraulic conductivity values from both the

north and south areas ofthe Site was developed for use in the fate and transport evaluations.

The hydraulic conductivity values determined from the aquifer test performed by

McLarenfHart in 1993 using the pilot study collection trench in the northern portion of the

Site (GRAA 1) were used as input to the fate and transport evaluations conducted for this

portion of the Site. As part of this aquifer testing program, hydraulic conductivities were

calculated from drawdown measurements taken in 14 monitoring wells orpiezometers in the

vicinity ofthe groundwater collection trench. Hydraulic conductivity values calculated from

these data ranged from 7,200 ftIyear to 38,000 ftIyr. According to the Groundwater

Collection Trench Pilot Study Report, ''the majority of transmissivity values ranged from

2,000 to 3,000 gallons per day per foot (gpd/ft)" Assuming a saturated thickness of 15 feet,

the transmissivity value at the upper end of the typical range specified by McLaren/Hart

(3,000 gpd/ft) corresponds to a hydraulic conductivity of9,800 ftIyr. Therefore, the use of

the maximum value for hydraulic conductivity estimated from the pilot groundwater

collection trench aquifer test (38,000 gpd/ft) is considered most protective.
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Hydraulic conductivity values calculated from pumping tests performed by Keystone in the

southwestern section of the Site (GRAA 3) were used as input to the fate and transport

evaluations conducted for this portion of the Site. As part of this aquifer testing program,

hydraulic conductivities were calculated from drawdown measurements taken in four

monitoring wells or piezometers in the vicinity of the groundwater extraction well.

Hydraulic conductivity values calculated from these data ranged from 675 ft/year to 2,600

ft/yr.

Hydraulic Gradients - A range of values for the horizontal hydraulic gradient, as

determined through previous Site-wide level measurement events (from the RI or pilot study

activities), was used to simulate potential groundwater constituent transport under non­

pumping conditions. A hydraulic gradient of 0.006 ft/ft was used as input for the ''worst

case" simulations ofconstituent fate and transport under non-pumping conditions for both

the north and south areas. Hydraulic gradients of 0.002 ft/ft and 0.003 ft/ft were used in the

"best case" simulations ofconstituent fate and transport under non-pumping conditions for

the northern and southern areas, respectively.

At the request ofEPA, simulations were performed assuming future groundwater withdrawal

from the shallow aquifer. The assumed scenario would represent a ''worst case" estimate of

potential constituent transport because the estimated hydraulic gradients under this

hypothetical and unlikely scenario are significantly greater than those observed under non­

pumping conditions. The increased hydraulic gradients assumed under this hypothetical

"worst case" future scenario result in a linear increase in the estimated groundwater seepage

velocity. Because of the availability of the public water supply, poor natural groundwater

quality and restrictions placed on groundwater use by. the HGCSD, it is unlikely that the

shallow groundwater would be used in the future as a private source in the vicinity of the

Site. Therefore, the results ofthis evaluation should be viewed as an extreme overestimate

of the potential for exposure to constituents in groundwater.

The location of this hypothetical future groundwater withdrawal well was assumed to be at

the nearest reasonable possible off-Site location at the area downgradient of the Site. This

assumption regarding the location of possible future groundwater withdrawals is valid

because future on-Site use of groundwater is prohibited by virtue of the Consent Orders

A:\f&:treptl-2.wpd 37

000490



Groundwater Fate and Transport
Evaluation Report
South Cavalcade Superfund Site A.ugust 1997

between the on-Site property owners and the United States and corresponding
settlement/access agreements with Beazer.

In calculating the hydraulic gradient under this worst case scenario, it was assumed that the
groundwater level in the hypothetical groundwater extraction well corresponds to a

drawdown equal to two-thirds ofthe saturated thickness ofthe aquifer. This assUmption is
based on the theory that it is impractical to pump a well in an unconfined aquifer at a
drawdownthat exceeds two-thirds ofthe saturated thickness ofthe water-bearing sediments25

due to dewatering ofthe aquifer in the vicinity ofthe pumping well and the transition from
laminar to turbulent flow conditions. This assumption favors a worst case estimate of
constituent transport because well losses would likely preclude maintaining a pumping
groundwater level in the well which would result in drawdown in the aquifer immediately
adjacent to the well at an elevation corresponding to two-thirds ofthe saturated thickness of
the shallow aquifer (Le., it does not account for well efficiency). Also, it is unlikely that a
private supply well in the shallow aquifer would be pumped in a continuous mode necessary
to maintain the presumed increased hydraulic gradient.

Effective Porosity and Bulk Density- Assumed values for effective porosity and bulk
density were obtained from the publication Groundwater by Freeze and Cherry. These
values were selected to be representative for the type ofgeologic material (fine sand and silt)
which comprises the shallow aquifer. A value of37.5% was used for the effective porosity
parameter, as this value represents an intennediate porosity value for the aquifer materials
of interest. However, sensitivity analysis of the effective porosity parameter indicates that
varying this parameter exerts a negligible effect on the modeling results.

Organic Carbon Partitioning Coefficient - Values for the organic carbon partitioning
coefficients for the COIs have been detennined experimentally by researchers. The U.S.
EPA publication Subsurface Remediation Guidance26 was used as the resource for this
infonnation for the COIs. Use ofthese published and experimentally determined values is

25
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St. Paul Minnesota, pp434.

U.S. EPA, 1990. Subsurface Remediation Guidance. EPA/54012-90/011b.
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appropriate for this assessment because the organic carbon partitioning coefficient is a
function of the chemical compound itselfand is independent ofSite conditions.

Fraction ofOrganic Carbon in Soil- Input val~s for the fraction oforganic carbon in soil
are those compiled by KarickhofP7

• These values were selected to be representative ofthe
types of geologic materials (fme sand and silt) observed within the sluiJ.lowaquifer. The
value for soil organic carbon content (0.0086) used in the worst case simulations of
constituent transport is at the lower end ofthe range of typical values for sand reported by
Karickhoff. Use ofthis value in this assessment should be consideredprotective because the
shallow aquifer sediments contain a significant percentage of silt which typically have a
higher percentage oforganic carbon. Typical organic carbon contents for silts, as reported
by Karickhoff, are one to two orders ofmagnitude greater than those reported for sand. The
highest value for soil organic carbon content used in this assessment corresponds to upper
end ofthe range oftypical values for organic carbon content ofsand.

Longitudinal and Transvene Dispersivity - A range ofvalues for longitudinal dispersivity
was obtained from literature. Gelhar, et al. reported that longitudinal dispersivity generally
increases with scale28

• For the concentration versus distance graphs developed for this
assessment, the "scale" is considered as the distance from the downgradient limit of the
potential source area to the hypothetical future off-site groundwater user (on the order of400
feet).

Forconcentrationversus time graphs, differentvalues for longitudinal dispersivity were used
for the distances (i.e., scale) represented by each of the three curves. Dispersivity values
utilized in the worst case transport simulations were calculated using an algorithm developed

27

28
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Karickhoff, S.W., D.S. Brown, and T.A. Scott. 1979. Sorption ofHydrophobic Pollutants of
Natural Sediments. Water Research, Vol. 13, pp 241-248.
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by Xu and Eckstein29 based on their evaluation of Gelhar's work. For example, this

algorithm calculates a dispersivity value ofapproximately 16 feet for a scale of400 feet.

For the best case evaluations of constituent transport, a value one order ofmagnitude less

than specified above was used (approximately, 1.6 feet). This value is within the low end

ofthe range reported by Gelhar for the scale of this evaluation.

For the BIOSCREEN simulations, transverse dispersivity was protectively assumed to be

negligible. BIOSCREEN evaluations were performed with the transverse dispersion term

set at a value essentially equal to zero (10.10 ft) so that the BIOSCREEN output simulates

constituent transport in only the longitudinal dimension. The molecular diffusion term

included in the calculation of the longitudinal coefficient ofhydrodynamic dispersion was

assumed to be negligible.

Biodegradation Half-Lives - To provide a mostprotective predictionofconstituent fate and

transport and ensure that constituent concentrations and times needed for constituents to

achieve a steady state distribution in shallow groundwater would not be underestimated,

BIOSCREEN simulations were performed using input parameter values which favor

predictions ofthe greatest constituent transport and the least reduction in constituent mass

due to the effects of biodegradation. Biodegradation half-lives used as input in these

simulations were the highest values in the ranges listed in the literature reference30
•

3.4 Analytical Model Simulations

The analytical simulations were completed in a step-wise manner. For each series ofsimulations,

constituent transport in the northern section of the Site (GRAA 1) and the southern section of the

Site (GRAA 3) were evaluated separately. As indicated previously, because GRAA 2 is located

hydraulically upgradient of GRAA 3, the transport of COls in shallow groundwater was not

29

30
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simulated for GRAA 2. The results ofthe fate and transport evaluations conducted for GRAA 3 can

essentially be considered as a worst case estimate ofconstituent transport from GRAA 2. The output
for the Series 1 through Series 3 simulations are presented as concentration versus distance and
concentration versus time graphs.

The initial series ofsimulations (Series IA) was perfonned using input parameter values favoring
the worst case estimations offuture constituent transport under non-pumping conditions. The input
parameter values used in this evaluation are highlighted on Table 8. As discussed in the following
.section, this evaluation was also used as a screening process to eliminate any constituents from
subsequent evaluations on the basis that sufficient attenuation can be demonstrated with the use of
input parameter values favoring the worst case estimation of constituent transport.

In conjunction with the evaluations described above and at the specific request of EPA, Beazer
conducted additional simulations to estimate dissolved constituent transport in groundwater under
hypothetical future pumping conditions (Series IB). As indicated previously, this scenario
represents a highly improbable and extreme overestimate ofconstituent transport in consideration
ofthe low probability that hydraulic gradients ofthe magnitude assumed for this evaluation could
be produced and would be maintained over time.

Series 2 simulations involved a sensitivity analysis to evaluate the sensitivity ofthe modeling results
to variations in estimated input parameter values. Naphthalene was utilized as a surrogate for the
sensitivity analysis because it is one of more soluble and mobile of the COIs. Therefore, it is
anticipated that naphthalene is best suited for determining the influence ofvariations ofinput values
on the model output. The following parameters were evaluated as part of the sensitivity analysis:

• hydraulic conductivity;
• hydraulic gradient;
• effective porosity;
• fraction oforganic carbon in soil; and,

• longitudinal dispersivity.

The sensitivity analysis was conducted by varying the value for a single input parameter while other

input values remained constant. Estimations ofconstituent transport were then made using values

A:\f&:trcptl-2.wpd 41

000494



Groundwater Fate and Transport
Evaluation Report
South Cavalcade SuperfundSite August 1997

ofthe input parameter ofinterest at the high and low end ofthe range ofpossible values as indicated
on Table 8 and an intennediate value.

A series ofsimulations (Series 3) was perfonned using the input parameter values favoring the best
case estimations of future constituent transport under non-pumping conditions. The objective of
these simulations was to determine if the processes simulated by the Ogata-Banks equation (Le.,
adsorption and dispersion) could be used to account for the observed constituent concentration
reductions (in comparison to the effective solubility concentrations) measured in samples collected
from monitoring wells locateddowngradientofareas where DNAPLs have beennoted inthe shallow
aquifer.

The BIOSCREEN simulations (Series4) were completed to incorporate the effects ofbiodegradation
into the assessment of potential future constituent transport. As a protective measure, these
evaluations were perfonned using the values for the necessary transport and degradation input
parameters favoring a worst case estimate ofconstituent fate and transport due to the variability of
some ofthese parameters within the model domain, as well as the inherent uncertainty associated
with the parameter values. Use ofthese input parameter values ensures that the model output will
not underestimate potential constituent transport in groundwater.

It is expected that migration ofthe creosote compounds in groundwater at the South Cavalcade Site
will be limited by biodegradation. Most ofthese compounds are known to be biodegradable to some
degree. In general, the biodegradation rates for the PAH compounds are inversely proportional to

the compound molecular weight (or number ofrings in the compound structure). Thus, the higher
molecular weight PAHs (Le., those with four or more rings) would be expected to degrade at a much
slower rate than the lower molecular weight PAH compounds. However, it should be noted that the
higher molecular weight PAHs have low aqueous solubilities and a high affinity for adsorption to
aquifer sediments. Thus, these constituents typically migrate at rates several orders of magnitude
less than the more mobile and more degradable creosote constituents. The scientific literature
contains numerous accounts of laboratory and field studies where the intrinsic biodegradation of
creosote constituents has been demonstrated under various redox conditions. Mueller et al.(1989)
provided areviewofseveral laboratory studies where biodegradation ofcreosote compounds (PAHs,
phenolics and heterocyclics) has been demonstrated under aerobic conditions and concluded that
these compounds generally have good potential for bioremediation. Grbic Galic reviewed a wide
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range of laboratory studies where the biodegradability of these types of compounds was

demonstrated under generally anaerobic31 and specifically methanogenic32 conditions.

Results from laboratory studies support the conclusions from a wide variety offield studies showing

that these compounds are also biodegradable in the environment. King et al.33 conclusively

detennined that natural biodegradation was limiting the migration of a plume from a source of

creosote that was emplaced below the water table for research purposes. Substantial mass

transformation in the dissolved phase was noted for all monitored compounds. Over the four year

study period, plumes ofsome compounds approached steady state, others began to shrink in size and

still others continued to expand, but at a decreasing rate. Barker et al.34 injected a slug containing

benzene, toluene and xylenes (BTX) into the Borden aquifer and by monitoring the resulting plume

they detennined that all compounds were biodegrading and shrinking in mass as they migrated. In

a similar study at Columbus Air Force Base, Macintyre et al.35 injected a slug containing four

organics: two aromatics, a PAH and a chlorinated compound. Again, monitoring indicated

substantial plume biodegradation for all compounds.

The USGS has conducted two major studies that represent intensive characterizations of natural

bioremediationprocesses in groundwater as they relate to creosote and similarhydrocarbonmixtures.

31

32

33

34

35
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The fIrst study was conducted at a former wood preserving site in Pensacola, Florida36 and it
concluded that substantial biodegradation was occurring as dissolved creosote compounds migrated
away from the source area. The second USGS study was conducted at the site ofa crude oil spill in
Bemidji, Minnesota, where researchers showed that natural bioremediation was limiting the
migration ofa groundwater plume composed ofBTEX, PAHs and other hydrocarbons. Klecka et
al.37 demonstrated natural bioremediation of PAHs and phenolic compounds in groundwater at a
previous charcoal manufacturing plant in Michigan. Similarly, natural bioremediation of a plume
composed of PAHs was demonstrated by Madsen et al.38 at a coal tar disposal site in a shallow
aquifer in New York-State.

All ofthe above studies indicate that the range ofcompounds present in creosote are biodegradable
under both controlled laboratory conditions, and in the groundwater environment. Consequently,
it is expected that biodegradation will tend to limit the migration ofthese compounds at the South
Cavalcade Site. Groundwater analyses conducted during the RI indicate reduced electron acceptor
(Le., sulfate) concentrations in monitoring well MW-Ol located downgradient of the DNAPL
Recovery Area in the northern section of the Site in comparison to background sulfate
concentrations. These reduced concentrations of electron acceptors are indicative that intrinsic
biodegradation is occurring.

Comparison of COl groundwater concentrations measmed during the RI in 1987 with those
measmed dming 1993 indicate a stabilized distribution of constituents in groundwater. Stable or
reduced concentrations of the constituents of interest over time may also be an indicator of
biodegradation. Additionally, benzene and toluene concentrations estimated by the Ogata-Banks
analytical simulations using the input parametervalues favoring abestcase estimation ofconstituent
transport are significantly greater than the actual concentrations determined through laboratory

36

37

38
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analysis ofgroundwater samples. This comparison also indicates that biodegradation is effectively

reducing the concentrations ofconstituents in groundwater.

Incorporation ofbiodegradation effects into the assessment allows for estimation ofa "steady-state"

plume configuration. Using the BIOSCREEN analytical solution with the input parameter values

favoring a worst case prediction of constituent distribution, the "steady state" configurations

represent estimated maximum constituent concentrations within the plume and the maximum

distance that the constituents may migrate downgradient of the potential source area.

The output from the BIOSCREEN analytical solution includes a concentrationversus distance graph

along the centerline of the plume at the estimated "steady state" conditions. On the same graph, a

second concentration versus distance plot depicting transport assuming that no degradation is

occurring is provided for comparative purposes.
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4.0 DISCUSSION OF RESULTS

AU/lust 1997

The results ofthe fate and transport simulations are discussed in this section. Where applicable, the
model results are discussed relative to remedial goals specified in the ROD. For the COIs for which
no remedial goals are specified in the ROD, the model results are discussed relative to the Texas
Natural Resource ConservationCommission (lNRCC) MediaSpecific Concentrations (MSCs)39 for
groundwater. The calculated effective solubilities for some constituents are less than ROD goals or
the TNRCC MSCs. As a protective measure and to account for potential uncertainty in the source
concentration, the results ofthe fate and transport simulations for these constituents were compared
to their calculatedeffective solubilities which represent concentrations less than the respective ROD
goals or lNRCC MSCs.

As appropriate, constituents which do not exhibit a potential for migration to hypothetical future

exposure points under the worst case scenario will be eliminated from further evaluation under the
best case scenarios and the BIOSCREEN evaluations. A table indicating the constituents evaluated
under each scenario is presented as Table 9 .

4.1 Scenario lA -Worst Case Simulation for Non-Pumping Conditions

These fate and transport simulations were performed using the input parameter values favoring the
''worst case" predictions for constituent transport under the current and reasonably expected future

non-pumping conditions. Use ofthese input parameter values ensures that the model output will not
underestimate potential constituent transport in groundwater. The results ofthese simulations were
also used to eliminate COIs from further evaluation, as appropriate, if the results of the worst case
simulations demonstrated limited mobility.

A summary ofthe evaluation ofworst case constituent transport in the Northern and Southern Areas
is provided below. The graphical outputs resulting from these simulations for the Northern and
Southern areas are presented in Appendices B and C, respectively. In these appendices, a discussion

of the results of the simulation for each constituent is presented followed by the graphical model
output as concentration versus distance and concentration versus time plots.

39
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4.1.1 Northern Area

AIl,llst 1997

A detailed analysis ofthe worst case fate and transport simulation results for the Northern Area for
each COl is provided in Appendix B. This analysis includes a comparison of the simulated
groundwater concentrations to the actual concentrations previously determined through laboratory
analysis. The following is a briefsummary ofthe results ofthis evaluation and the analysis provided
in Appendix B.

• Two COIs (benzo(a)pyrene and chrysene) were eliminated from further evaluationunder the
remaining scenarios on the basis that the results ofthis worst case simulation indicated that
these constituents in groundwater could not potentially migrate to the hypothetical
groundwater exposme point at the evaluation levels specified above in more than 300 years.
The results ofprevious groundwater analysis conducted at the Site during 1986 and 1987 as
part of the RI and the supplemental groundwater analysis conducted in November 1993
corroborate this conclusion.

• The remaining COIs were retained for further evaluation under the remaining Ogata-Banks
and BIOSCREEN scenarios. Comparison of the constituent concentrations predicted by
these worst case simulations to actual groundwater concentrations reflect a significant
overestimation of constituent migration potential under this assessment scenario. The
significant differences between the actual and simulated concentrations are likely due to the
cumulative effects ofthe use ofvalues for the input parameters which favor an overestimate
of constituent transport. The predicted concentrations were one to more than two orders of
magnitude greater than the actual concentrations determined through laboratory analysis.

4.1.2 Southern Area

A detailed analysis ofthe worst case fate and transport simulation results for the Southern Area for
each COl is provided in Appendix C. This analysis includes a comparison of the simulated
concentrations to the actual concentrations determined through laboratory analysis. Available
information regarding measured constituent concentrations in shallow groundwater include BTEX
and PAH data for monitoring well MW-08 and BTEX data for monitoring well MW-17 located on
the former Mobil Terminal property. Mobil monitoring well MW-17 is located between the western
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Site boundary and the hypothetical future groundwater pumping well at a distance ofapproximately

180 feet from the western limit ofGRAA 3 (See Figure 14). Information obtained from the TNRCC

files indicates that Mobil has collected groundwater samples for analysis from monitoring well MW­

17 on several occasions. Results of these analyses indicate concentrations of BTEX constituents

below detection limits in all instances. The following is a brief summary of the results of this

evaluation and the analysis provided in Appendix C.

• Acenaphthene, anthracene, benzo(a)pyrene, chrysene, fluorene, phenanthrene and pyrene

were eliminated from further evaluation under the remaining Ogata-Banks and BIOSCEEN

scenarios on the basis that the results of this worst case simulation indicated that these

constituents in groundwater could not potentially migrate to the hypothetical groundwater

exposure point at the evaluation levels specified above in more than 300 years.

• The remaining COIs (benzene, toluene, ethylbenzene, xylene and naphthalene) were retained

for further evaluation under the remaining Ogata-Banks and BIOSCREEN scenarios.

Comparison of the constituent concentrations predicted by these worst case simulations to

actual groundwaterconcentrations measmed inmonitoring well MW-08 and monitoring well

MW-17 on the Former Mobil Terminal property reflect a significant overestimation of

constituent migration potential under this assessment scenario. The significant differences

between the actual and simulated concentrations are likely due to the cumulative effects of

the use of values for the input parameters which favor an overestimate of constituent

transport. The predicted concentrations were one to more than two orders of magnitude

greater than the actual concentrations determined through laboratory analysis.

• Acenaphthene, anthracene, fluorene, naphthalene, phenanthrene and pyrene were measured

at detectable concentrations one to two orders of magnitude less than the TNRCC MSCs in

off-site monitoring well MW-08 which is located approximately 325 feet downgradient of

the Potential DNAPL Recovery Area in the southwestern portion of the Site. However, it

is likely that these constituents may originate from a somce other than the South Cavalcade

Site based on the presence of the less mobile of the COIs and absence of the more mobile

COIs. Additionally, evaluation of the on-Site groundwater data from the November 1993

sampling event indicates that naphthalene comprises from 49% to 94% of the total PAH
concentration in the on-Site samples. The maximum naphthalene to total PAH concentration

A:\fcttreptl-2.wpd 48

000501



Groundwater Fate and Transport
Evaluation Report
South Cavalcade Superfund Site Au,ust 1997

ratio observed in the RI groundwater samples collected from monitoring well MW-08 is

14%. This observed difference in groundwater chemistry is indicative that the constituents

measured during the RI in monitoring well MW-08 may have originated from a source other

than the South Cavalcade Site.

Review of information presented in Section 2.0 of the RI Report indicates that several

"regulated" sites exist within a one-half mile radius of the Site and releases of petroleum

products in the vicinity of the Site were reported to the Houston Fire Department between

1980 and 1986. Information regarding chemical releases in the area prior to 1980 was not

presented in the RI Report.

Information more recently obtained from the TNRCC files indicates that releases of

petroleum based substances have occurred at the petroleum tenninallocated immediately

west (i.e., downgradient) of the South Cavalcade Site. Information obtained included

groundwatermonitoring data (for BTEX constituents and TPH only) collected between 1991

and 1994. This information indicates elevated concentrations of BTEX constituents in

shallow groundwater beneath the facility.

Althoughthe source ofthe low levels ofPAHs constituents detected in monitoring well MW­

08 cannot positively be detennined, the results ofthe fate and transport evaluations using the

input parameter values which favor the greatest potential migration distance indicate that it

is not feasible that these low mobility constituents could have migrated from the South

Cavalcade Site to monitoring well MW-08. Additionally, review of information presented

in the RI Repon and information more recently obtained from the lNRCC files indicates

other facilities exist in this area which have had documented releases which could potentially

be the source ofthese constituents.

4.1.3 Scenario IB - Worst Case Simulation for Pumping Conditions

At the specific request of EPA, Beazer conducted additional simulations to estimate dissolved

constituent transport in groundwater under hypothetical future pumping conditions (Series IB).

These fate and transport evaluations were completed assuming that a groundwater withdrawal well

is installed and operated at a location downgradient ofand adjacent to the potential on-Site source
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areas. As indicated previously, this scenario represents a highly improbable and extreme

overestimate ofconstituent transport in consideration ofthe low probability that hydraulic gradients

ofthe magnitude assumed for this evaluation could be produced and would be maintained over time.

The model output from this simulation in the form of concentration versus time plots is presented

in Appendix D.

As indicated previously, future use of groundwater from the shallow aquifer is highly unlikely

because I) no groundwater production wells are installed in the shallow aquifer within a one-mile

radius of the Site; 2) the HGCSD is not likely to grant permits·for new groundwater wells in the

Harris County area, and particularly not for any wells that would draw from the shallow aquifer

underlying the Site and the surrounding area; 3) water from the public supply is currently available

to all businesses and residences in the vicinity ofthe Site, and 4) the natural quality of the shallow

groundwater may not be suitable for potable use.

These fate and transport simulations were performed using the same input parameter values used for

Scenario IA simulations (Le., those which favor the greatest rate ofconstituent migration) with the

exception ofthe hydraulic gradient. Therefore, these simulations represent ''worst case" predictions

for constituent transport under hypothetical future pumping conditions. The consideration of the

hypothetical future groundwater withdrawal results in a four-fold increase in the magnitude ofthe

hydraulic gradient.

As expected, the results of these simulations indicate shorter travel times to the hypothetical

exposure point than those predicted by the Scenario IA simulations. However, the registration and

permitting processes established by HGSCD could provide advance notification ofany future plans

for use ofshallow groundwater in the vicinity ofthe Site and allow an opportunity for an assessment

ofthe potential risk to a future groundwater user, ifany, as well as, implementation ofany necessary

protective actions.
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4.2 Scenario 2 - Sensitivity Analysis

Au,ust 1997

A sensitivity analysis was perfonned to provide a quantitative evaluation ofthe effect ofindividual
input parameters on the fate and transport simulation results presented in Series lA. The sensitivity
ofindividual input parameters was evaluated by varying the value ofone parameter while the value
cifthe otherparameters remained constant. This evaluationwas perfonned for both the Northern and
Southern Areas. With the exception ofthe variable parameter, the input parameter values favoring
the greatest potential for constituent migration were used in the sensitivity analysis.

The sensitivity analysis was completed using naphthalene as an indicator constituent. Naphthalene
was selected for the sensitivity analysis because its greater effective solubility with respect to the
other eOIs and its moderate mobility provide for more notable effects due to input parameter
variations. The results ofthe sensitivity analyses are presented as concentration versus distance and
concentration versus time plots. Plots for the Northern and Southern Areas are included in
Appendices E and F, respectively. The results of the sensitivity analysis are summarized below.

• The results of the sensitivity analysis indicate that varying the effective porosity over the
range of reasonably expected values for this parameter has a relatively minor effect on the
fate and transport simulation results.

• Variation ofthe hydraulic conductivity has a significant effect on the constituent migration
rate. Use ofthe value at the high end of the range ofhydraulic conductivity values for the
Southern Area results in breakthrough at a time ofapproximately 60 years at a distance of
400 feet. Use ofthe median and low end hydraulic conductivity values for the Southern Area
results in a significantly reduced rate oftransport with breakthrough predicted to occur at 140
and 400 years respectively.

For the Northern Area, relatively rapid breakthrough (less than ten years) is predicted using
the high end and median values for hydraulic conductivity. While the breakthrough time for
naphthalene in the Northern Area using the low end hydraulic conductivity value (40 years)
is significantly greater, this simulationstill predicts naphthalene concentrations much greater

than the actual groundwater concentrations measured at the Site.
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• Variation ofthe organic carbon content has a significant effect on the constituent migration

rate. Representative organic carbon content values obtained from a published source and

used in this evaluation vary by nearly one order ofmagnitude. Thus, the predicted time for

the advective front ofthe constituent plume to reach a particular location may also vary by

approximately one order ofmagnitude. Predicted breakthrough times for naphthalene in the

Southern Area range from approximately 80 years to more than 500 years. Predicted

breakthrough times for naphthalene in the Northern Area range from less than 5 years to 40

years.

• Variation of the hydraulic gradient value also has a significant effect on the constituent

migration rate. Predicted breakthrough times for naphthalene in the Southern Area range

from 80 years to 200 years. Predicted breakthrough times for naphthalene in the Northern

Area range from 6 years to 25 years. Predicted naphthalene concentrations using the values

for hydraulic gradient at the lower end ofthe respective ranges are several times greater than

actual concentrations determined by laboratory analysis of groundwater samples in both

areas.

• Dispersivity values influence the shape ofthe breakthrough curve. Use oflower dispersivity

values will indicate more profound changes in constituent concentrations with distance and

time, as represented by a greater slope in the steeper portion of the breakthrough curve. In

the early part of the curve, use of lower dispersivity values will predict lower constituent

concentrations at a particular point in space. However, in the later part of the curve, an

opposite relationship is observed. Use of lower dispersivity values will predict higher

constituent levels. For the times and distances ofinterest for this simulation, use ofthe lower

dispersivity values in the Ogata-Banks equation provides for greater predictions of

constituent concentrations.

4.3 Scenario 3 - Best Case Simulation

A series ofsimulations was performed with the inputvariables set at the values specified within their

respective ranges which would yield a best case prediction ofconstituent migration. The objective

of this task was to assess whether processes not considered in the previously completed fate and
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transport evaluations, such as biodegradation, may be acting to reduce constituent concentrations in

the shallow aquifer.

A summary ofthe evaluation ofthe best case Ogata-Banks simulation ofconstituent transport in the

Northern and Southern Areas is provided below. The graphical outputs resulting from these

simulations for the Northern and Southern areas are presented in Appendices G and H, respectively.

• Concentrations ofbenzene predicted by the best case evaluation for the Northern Area are

several times greater than the actual concentrations detennined through laboratory analysis.

Concentrations oftoluene predicted by the best case simulation are similar to those measured

in Site groundwater samples. These results indicate that the reduced dissolved

concentrations ofthese COIs observed downgradient ofthe potential source area cannot be

accounted for entirely by adsorption and dispersion and that other processes, such as

biodegradation, are acting, in conjunction with adsorption and dispersion, to reduce

constituent concentrations in the shallow aquifer. The volatile aromatic compounds, such

as benzene and toluene, are the more highly biodegradable ofthe creosote constituents. The

effective intrinsic biodegradation ofthese constituents is well documented. Considering the

biodegradability of these constituents, it is to be expected that the concentrations of these

constituents are greatly overestimated by a transport model which does not account for

biodegradation.

• With the exceptionofbenzene and toluene, the concentrations predicted by these simulations

were less than actual concentrations determined through laboratory analysis. Thus, the use

of the input values for transport parameters which favors the lowest rate of constituent

migration will most likely underestimate the rate of constituent transport in shallow

groundwater.

4.4 Scenario 4 - Simulation Incorporating Biodegradation

The results of the fate and transport simulations conducted considering biodegradation effects are

presented in this section. As indicated in Section 3.4, intrinsic biodegradation of creosote

constituents in groundwater has been demonstrated and documented at numerous similar sites. Site-
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specific informationwhich supports aconclusion that intrinsic biodegradationis occurring at the Site

includes the following:

• Groundwater analyses conducted during the RI indicate reduced electron acceptor (Le.,
sulfate) concentrations in monitoring well MW-Ol located downgradient of the DNAPL

Recovery Area in the northern section of the Site in comparison to background sulfate
concentrations;

• Comparison ofCOl groundwater concentrations measured during the RI in 1987 with those
measured during the 1993 pilot study indicate a stabilized distribution and concentration of
constituents in groundwater; and,

• Fate and transport simulations for the more mobile and biodegradable COIs (e.g., benzene
and toluene) in which the effects of biodegradation were not considered and the transport
parameters, which favor a prediction ofthe best case distribution ofconstituents, were used
predicted concentrations greater than or similar to those measured in on-Site downgradient
monitoring wells. These results indicate that the observed decrease in concentrations ofthese
constituents in on-Site monitoring wells cannot be attributed solely to transport processes
such as adsorption and dispersion.

Based on the observations at similar sites whichdemonstrate the intrinsic biodegradation ofcreosote
constituents, as well as the Site-specific information presented above, completionofmost protective
fate and transport evaluations which consider the effects ofbiodegradation are appropriate.

The BIOSCREEN simulationswere performedusing input parametervalues which favor the greatest
constituent transport and the lowest literature values for degradation rates. Use of the most
protective input parameter values accounts for the inherent uncertainty related to the use ofmodels
to evaluate the fate and transport ofconstituents in groundwater and ensures that the model output
will not underestimate potential constituent transport in groundwater. The graphical outputs

resulting from these simulations for the Northern and Southern areas are presented in Appendices

I and J, respectively. These appendices present the results of the simulation for each constituent as

concentration versus distance plots at steady state conditions. The results of the BIOSCREEN

simulations are summarized in Table 10.
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These simulationswere performedto predict"steady state" conditions, assuming thatbiodegradation
is occurring for each COl retained for further evaluation based on the results of the simulations
performed under Scenario IA. The "steady state" conditions predicted from these simulations
represent the greatest constituent concentrations and migration distances assuming that
biodegradation is occurring at aprotectively selected rate. Also, because the lowest literature values
for the degradation rates are used, the predicted times needed to attain steady state conditions should
also be viewed as protective. Thus, plume migrationdistances andconstituentconcentrations greater
than those predicted by these worst case simulations should not. be observed in the future.

Summaries of the evaluation ofconstituent transport in consideration ofbiodegradation effects for
the Northern and Southern Areas are provided below. These discussions include a comparison of
the simulated concentrations to the potentially applicable groundwater criteria (Le., ROD goals or
TNRCC MSCs).

4.4.1 Simulation Incorporating Biodegradation - Northern Area

Constituents evaluated under this scenario for the Northern Area include the BTEX compounds and
the following PAH compounds

• acenaphthene;

• anthracene;

• fluorene;

• naphthalene;
• phenanthrene; and,

• pyrene.

The results of these simulations are discussed below.

• The BIOSCREEN simulations performed using the most protective values for all input
parameters indicate that all constituents (with the exception of pyrene) have achieved a
steady state distribution in shallow groundwater assuming that no constituent releases to

groundwater have occurred since wood treating operation ceased in 1962. Thus, future
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•

•

•

increases in concentrations of these constituents are not expected. The results of the

BIOSCREEN simulation for pyrene indicate that this constituent may not have yet attained

a steady-state distribution in the shallow groundwater zone. However, the simulation

predicts that pyrene will be attenuated upgradient of the hypothetical future exposure point

and will not migrate to the location ofthe hypothetical future groundwater withdrawal well.

The BIOSCREEN simulations performed using the most protective values for all input

parameters indicate that concentrations of anthracene, ethylbenzene, naphthalene, pyrene,

toluene, and xylene are predicted to naturally attenuate to concentrations less than their

respective ROD remedial goals or TNRCC MSCs at locations upgradient ofthe hypothetical

future groundwater withdrawal well location.

The BIOSCREEN simulations performed for acenaphthene, fluorene and phenanthrene also

indicate that constituents will be naturally attenuated to levels belowtheir respective TNRCC

MSCs at locations upgradient of the hypothetical future groundwater withdrawal well

location. However, the concentrations predicted for these constituents by the BIOSCREEN

model are slightly less than those measured in Site groundwater samples. Therefore, it is

possible that these simulations may not represent the worst case prediction ofthe steady state

constituent distribution. For these constituents, additional simulations were conducted

assuming lower degradation rates to develop a more protective prediction of steady state

constituent distribution. The BIOSCREEN output for these simulations are presented in
Appendix K. The results of these simulations indicate that these constituents are naturally

attenuated to concentrations several oforders ofmagnitude less than their respective TNRCC

MSCs upgradient of the future hypothetical groundwater withdrawal well.

The results of the BIOSCREEN model completed for benzene using the input parameter

values favoring a worst case prediction ofconstituent distribution simulates concentrations

above the ROD remedial goal at a distance equal to the distance to the hypothetical future

groundwater withdrawal well location. However, on-Site benzene concentrations predicted

by this worst case simulation are more than two orders of magnitude greater than the

concentrations measured in groundwater samples from on-Site monitoring well MW-Ol (6

ugll to 15 ug/l). Based on this comparison to actual measured groundwater concentrations,

the results of this simulation are considered to represent a significant overestimate of the
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transport potential and steady state distribution of benzene in shallow groundwater in the
Northern Area. This overestimation is likely the result of the use of the input values for
transport parameters and degradation rate which favor prediction of a greater steady-state
distribution of benzene in shallow groundwater in terms of migration distance and
concentration.

To provide a more reasonable and reliable assessment of the natural attenuation of benzene in
shallow groundwater in the NorthernArea, a BIOSCREEN simulation was performed using average
or median values for hydraulic conductivity, hydraulic gradient and fraction oforganic carbon. A
degradation half-life of0.70 years was used for this evaluation. This degradation rate is well within
the range ofhalf-life values of0.03 to 2 years as reported in the literature. Benzene is known to be

one ofthe more readily degradable creosote constituents, thus, the half-life value assumed for this
simulation is considered to be protective.

The BIOSCREEN output from this simulation is presented in Appendix L. As indicated, this
simulation predicts that benzene concentrations will be naturally attenuated to concentrations less
than the ROD goal upgradient ofthe hypothetical future groundwaterwithdrawal well location. This
simulation should be viewed as a protective prediction of the steady state distribution in shallow
groundwaterbecause the BIOSCREEN resultspredicton-Sitebenzene concentrations approximately
one order ofmagnitude greater than those measured in groundwater samples collected from the on­
Site monitoring well (MW-01) located downgradient ofthe Northern DNAPL Recovery Area. The
results of this simulation indicate that no reasonable potential exists for future exposure to this
constituent in shallow groundwater.

4.4.2 Simulation Incorporating Biodegradation - Southern Area

Constituents evaluated under this scenario for the Southern Area include the BTEX compounds and
naphthalene. The results of these simulations are presented below.

• The BIOSCREEN simulations performed using the inputvalues for transport parameters and
degradation rate, which favor the prediction of greater migration distances and constituent
concentrations, indicate that all constituents have achieved a steady state distribution in
shallow groundwater assuming that no constituent releases to groundwater have occurred
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since wood treating operations ceased at the Site in 1962. Thus, future increases in

constituent levels or further constituent migration are not expected.

• Concentrations of toluene, ethylbenzene, and xylene are predicted to attenuate to

concentrations less than their respective ROD remedial goals within 40 feet of the

downgradient limit of the DNAPL Recovery Area in the southwestern section ofthe South

Cavalcade Site. Likewise, concentrations of naphthalene are predicted to attenuate to

concentrations less than the TNRCC MSC within 40 feet of the downgradient limit of the

DNAPL Recovery Area in southwestern section of the South Cavalcade Site.

• The BIOSCREEN simulations performed using the values for input parameters, which favor

the prediction of greater migration distances and constituent concentrations, indicate that

concentrations of toluene, ethylbenzene, xylene and naphthalene will be attenuated to non­

detectable levels at distances more than 200 feet upgradient of the hypothetical futme

groundwater withdrawal well location.

• The results ofthe BIOSCREEN model completed for benzene using the input values, which

favor the prediction ofgreater migration distances and constituent concentrations, simulates

concentrations above the ROD remedial goal at a distance equal to the distance to the

hypothetical future groundwater withdrawal well location. However, benzene has not been

detected in monitoring well MW-08 which is located at a distance nearer to the DNAPL

Recovery Area in southwestern section of the South Cavalcade Site than the hypothetical

future groundwater withdrawal well. Based on this comparison of the model simulated

concentrations to actual measured groundwater concentrations, the results ofthis simulation

are considered to represent a significant overestimate of the transport potential and

distribution ofbenzene in shallow groundwater in the Southern Area. This overestimation

is likely the result of the use of the values for transport parameters and the degradation rate

which favor the prediction ofgreater migration distances and constituent concentrations.

To provide a more reasonable and reliable assessment of the natural attenuation of benzene in
shallow groundwater in the Southern Area, a BIOSCREEN simulationwas performed using average

or median values for hydraulic conductivity, hydraulic gradient and fraction oforganic carbon. A

degradation half-life of one year was assumed for this evaluation.
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The BIOSCREEN output from this simulation is presented in Appendix M. This simulation predicts

that benzene concentrations will be naturally attenuated to non-detectable concentrations at a
distance more than 200 feet upgradient of the hypothetical future groundwater withdrawal well
location. The results of this simulation indicate that no reasonable potential exists for future
exposure to this constituent in shallow groundwater in the Southern Area.

4.5 Scenario 5 - BIOSCREEN Simulations under Pumping Conditions

BIOSCREEN simulations were performed in order to evaluate the effects ofa hypothetical off-site
groundwater pumping well. To support this evaluation, a groundwater flow model was used to
simulate pumping effects and to calculate the travel time necessary for groundwater to migrate from
the on-Site constituent source areas to the hypothetical pumping well. The estimated groundwater
travel time was utilized in conjunction with the most protective hydraulic conductivity values and
a median porosity value of0.375 to back calculate the hydraulic gradient value used as input to the
BIOSCREENmodel. Forthis simulation, itwas assumedthatgroundwater is extractedcontinuously
at a rate of 0.5 gpm. A calculation brief and the results of these simulations are presented in
AppendixN.

4.5.1 BIOSCREEN Simulations under Pumping Conditions - North Area

The following constituents were modeled for the north area as part of this scenario:

• acenaphthene;

• anthracene;
• benzene;

• ethylbenzene;

• fluorene;

• naphthalene;

• phenanthrene;

• pyrene;

• toluene; and,

• xylene.
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The model results under hypothetical pumping conditions tend to yield only slight differences in

concentrations ofselect constituents at the location ofthe hypothetical groundwater pumping well.

For several constituents, no change in concentration was predicted under hypothetical pumping

conditions at the location of the hypothetical pumping well. Changes in predicted concentrations

were for the most mobile constituents: benzene, naphthalene, ethylbenzene, and xylene with

respective predicted concentrations of2894, 726, 36, and 81 ugIL under pumping conditions. This

simulation yields respective concentration increases of55, 123,5, and 7 ugIL for these constituents

with respect to non-pumping simulations for the northern area. Results ofthe pumping scenario for

the northern area do not change the status of these constituents :with respect to their groundwater

remedial goals, or in the case ofnaphthalene, the respective Texas Risk Reduction Standard at the

location of the hypothetical groundwater pumping well.

4.5.2 BIOSCREEN Simulations under Pumping Conditions - Southern Area

The following constituents were modeled for the south area as part of this scenario:

• ethylbenzene;

• benzene;

• naphthalene;

• xylenes; and,

• toluene.

Predicted constituent concentrations at the location ofthe southern, hypothetical, off-Site, pumping

well were consistent with concentrations modeled using BIOSCREEN under non-pumping

conditions at the location ofthe hypothetical future groundwater pumping well, with the exception

ofbenzene. The predicted benzene concentration at the hypothetical, off-site, groundwaterpumping

well under pumping conditions is 194 ugIL. The modeled benzene concentration at this location

under non-pumping conditions is 100 ugIL. This difference in concentration does not affect the

status of benzene with respect to its groundwater remedial goal.
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4.6 Comparison of 1986-87 and 1993 Groundwater Data

August 1997

This section provides a comparison of 1986-87 and 1993 groundwater analytical data, in order to
provide an indication as to whether the constituent plume is expanding, stable, or shrinking. Graphs
comparing the 1986-87 and 1993 constituent concentration data for monitoring wells MW-Oland
MW-04, which are located downgradient of DNAPL source areas, are included as Appendix O.
These wells are the only two wells sampled at both times which are suitable for this comparison.
Monitoring wells located in DNAPL source areas are not appropriate for this type ofcomparison due
to the potential for variability in the data from possible entrainment ofDNAPL in the groundwater
samples collected for laboratory analysis. In this comparison, the results ofthe two sampling rounds
conducted in 1987 serve as an indication of sampling variability. Evaluation ofthese data indicate
that constituent concentrations did not increase in downgradient monitoring wells MW-Oland MW­
04 between 1986-87 and 1993. The results of this comparison corroborate the results of the
BIOSCREEN simulations which indicate that constituents in the shallow groundwater have attained
a steady state distribution.

4.7 Discussion ofModeling Certainty

This section addresses potential sources ofuncertainty in the modeling simulations. In particular,
Ogata-Banks and BIOSCREEN simulations are compared in order to demonstrate the degree to
which the models provide the same output using identical initial and boundary conditions. In
addition, model results are compared to actual field data as an indication ofhow well the models
predict actual conditions. This comparison may also serve to demonstrate that the models represent
worst-case scenarios and should be considered protective.

4.7.1 Comparison of Ogata-Banks and BIOSCREEN Simulations

Ogata-Banks and BIOSCREEN simulations, assuming no degradation, were perfonned using the
same input parameter values and boundary conditions. The results of these simulations are
summarized in Table 11 and Appendix P. As indicated by the results presented in Appendix P,

similar results are obtained using the" two models when BIOSCREEN is run assuming no degradation
and the same input parameter values are used. Table 11 displays Ogata-Banks versus BIOSCREEN
results for select times and distances. Inspection of this table indicates strong agreement in the
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concentrations predicted by the two models. Slight differences in concentrations may be attributed
to the possible minor accumulation of rounding errors associated with the use ofinput parameters

and intennediate calculations for each model. Comparison of these results indicates that the two
models produce nearly identical results when the same boundary conditions and input parameter
values are utilized. The agreement between the modeling results supports the technical approach and
modeling strategy used in this evaluation.

4.7.2 Comparison ofField Data to Simulation Results

The comparison of simulation results to actual concentration data are limited somewhat by the
number ofmonitoring wells located downgradient ofthe on-Site source areas, and because the most
recent groundwater monitoring event included only a portion of the existing shallow monitoring
wells. Appendix Q includes graphs demonstrating the differences between the results of the
analytical fate and transport simulations and actual measurements ofconstituent concentrations in
groundwater. These results are also summarized in Table 12.

These comparisons generally confirm the anticipated differences between modeled versus measured
constituent concentrations. These anticipated differences are summarized as follows:

• Worst case Ogata-Banks simulations overestimate measured concentrations;
• Best case Ogata-Banks simulations typically underestimate measured concentrations;
• Worst case, non-pumping, BIOSCREEN simulations typically overestimate measured

concentrations, but to a lesser degree than the worst case Ogata-Banks simulations due to the
incorporation ofbiodegradation effects; and,

• Worst case, pumping, BIOSCREEN simulations overestimate measured concentrations.

The factors which contribute to the discrepancies between the actual and simulated concentrations
are presented in the discussions ofthe results for the individual modeling scenarios and sensitivity

analyses (Sections 4.1 through 4.5).
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5.0 CONCLUSIONS
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The fate and transport evaluations were conducted using protective assumptions regarding
constituent fate and transport and potential futme use of shallow groundwater to ensure that the
potential for futme exposure to groundwater constituents is not underestimated. The significant
conclusions of the fate and transport evaluation are summarized below followed by a
recommendation for future activities.

• Incorporation ofbiodegradation effects into the analytical model simulations is justified by
the demonstration and documentation of intrinsic biodegradation of dissolved creosote
constituents in groundwater at several similar Sites. Additionally, the reduced concentrations
ofan electron acceptor (sulfate) and the relatively stable observed constituent concentrations
over time also support incorporation of biodegradation effects into the fate and transport
evaluation. Also, the benzene concentrations predicted by the Ogata-Banks analytical
simulations using the best case input transport parameter values are significantly greater than
the actual benzene concentrations detennined through laboratory analysis of groundwater
samples. Thus, the reduced concentrations ofbenzene observed at the Site downgradient of
the constituent source areas, as demonstrated by previous laboratory analyses ofgroundwater
samples, cannot be solely attributable to adsorption and dispersion processes alone. These
findings indicate that other processes, such as biodegradation, are in-fact acting to retard the
migration or naturally attenuate COls in the shallow aquifer.

• The results of the worst case BIOSCREEN simulations demonstrate effective natural
attenuation of COls within a short distance of potential constituent source areas and well
before groundwater concentrations greater than the ROD remedial goals or TNRCC MSCs
are realized at the nearest hypothetical future groundwater withdrawal well.

• The results of the BIOSCREEN simulations using protectively assumed constituent half-life
values indicate that the COls in the shallow groundwater have already achieved a steady state

or equilibrium distribution. These simulations indicate that future migration or increasing

concentrations of COl will not occur. The simulations were completed using the transport
input parameter values and degradation rates which favor the prediction ofgreater migration

distances and constituent concentrations. Thus, these simulations are considered to represent

C:\OFFICE\WPWIN\WPDOCS\96-118\F&:TREP-l.WPD 63

000516



Groundwater Fate and Transport
EVIIIIlation Report
South ClIVIIlcade SuperfundSite August 1997

a protective prediction of the steady state distribution of dissolved COIs in groundwater.
This conclusion is supported by a comparison ofthe 1986-87 groundwater concentration data
with data obtained from the supplemental groundwater sampling completed in November
1993. Comparison of these data indicates stable or decreasing constituent concentrations
between 1986-87 and 1993.

• The results ofthe worst case fate and transport simulations under non-pumping conditions
predicted concentrations of the more mobile and biodegradable COIs several orders of
magnitude greater than the actual concentrations determined through previous groundwater
analysis. Despite the use of transport parameter values in this simulation which favor the

prediction ofgreater migration distances and constituent concentrations, several ofthe higher
molecular weight PAH compounds were demonstrated to be immobile and sufficiently
attenuated by this overly protective evaluation.

The results ofthe fate and transport evaluations indicate that implementation ofa natural attenuation
remedy at the South Cavalcade Site is feasible. The following data collection and information
gathering activities are proposed for the Northern and Southern Areas to verify the fmdings ofthe
fate and transport evaluation:

Northern Area

• Install and Sample an Additional Off-Site Monitorin.: Well - Beazer will install an additional
off-site shallow zone monitoring well located downgradient ofthe DNAPL source area. This
well is to be located in the vicinity of the hypothetical groundwater withdrawal well
considered in this fate and transport evaluation, assuming permission to install this well is
granted by the City of Houston and this location is accessible to drilling equipment. A
groundwater sample from this well will be analyzed for BTEX and PAHs. The groundwater
analytical data obtained from sampling this additional well will be used to verify the natural

attenuation ofdissolved constituents in shallow groundwater.

• Install Temporary Well Screens and Conduct Groundwater Samplin.: - To assess the possible
effects ofaquifer heterogeneity in the Northern Area, groundwater samples will be collected

from locations along a north-south trending line in the vicinity of the western property
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boundary (Le., near existing monitoring well MW-OI). Temporary well screens will be
advanced to the base ofthe shallow groundwater zone using direct push techniques to pennit
the collection ofgroundwater samples. The groundwater samples will be analyzed for BTEX
and PAHs. Following sample collection, the well screen will be removed and the boreholes

sealed.

Southern Area

• Sample Existini Off-Site Monitorini Well - Ifpermissionfrom the property owner can be
obtained, Beazer will conduct sampling ofmonitoring well MW-17 located on the fonner
Mobil Terminal property and downgradient of GRAA 3 will be sampled and analyzed for
PAHs and BTEX. Ifpermission to sample this well cannot be obtained, then Beazer will
install a new off-site shallow zone monitoring well at a downgradient location similar to
Mobil monitoring well MW-17 assuming that access can be secured from the appropriate
property owner. The groundwater analytical data obtained from sampling MW-17 or this
new well will be used to verify the natural attenuation ofdissolved constituents in shallow
groundwater.

• Install Temporary Well Screens and Conduct Groundwater Samplini - To assess the possible
eflects ofaquifer heterogeneity in the Southern Area, groundwater samples will be collected
along an approximate north-south trending line in the area downgradient of GRAA 3.
Sampling in this area will be contingent upon securing access from the appropriate property
owner(s). Temporary well screens will be advanced to the base ofthe shallow groundwater
zone using direct push techniques to pennit the collection of groundwater samples. The
groundwater samples will be analyzed for BTEX and PAHs. Following sample collection,
the well screen will be removed and the boreholes sealed.

Northern and Southern Areas

• Sample Existini Monitorini Wells - Beazer will sample existing monitoring wells MW-01

and MW-08 for BTEX and PAHs, in conjunction with the sampling ofthe proposed wells

described previously.
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,

• Detennine BiQde~tiQnIndicators - Beazer will detennine electron acceptor (sulfate and

nitrate) and dissolved oxygen concentrations at locations upgradient and downgradient ofthe

potential source areas and ferrous iron and methane concentrations in groundwater

downgradient ofthe potential source areas. These data will be used to support the conclusion

that biodegradation is acting to reduce constituent concentrations in the shallow aquifer

downgradient of the potential source areas.

• Measure DNAPL DensitY and VisCQsity Values - Beazer will measure Site-specific DNAPL

density and viscosity values for comparison to representative ranges published in the

technical literature. This infonnation will be used to support the conclusion that the DNAPL

is immobile.

• Verify Groundwater Use InfQrmatiQn - Beazer will contact the HGCSD and the City of

Houston to verify the infonnation presented in the ROD (Page 13) regarding the source of

the city water supply which serves the area Additionally, Beazer will conduct a cost analysis

to evaluate the economic impracticability ofgroundwater use in comparison to use ofwater

from the public supply. This evaluation will include, but not necessarily be limited to, costs

ofwell drilling, groundwater storage facilities, installation ofconveyance lines separate from

those tied into public lines, utilities, and treatment costs. This infonnation will be used to

support the conclusion that future groundwater use in the vicinity Qf the Site is highly

unlikely.

• Detennine Or~anjc CarbQn CQntent - As shown by the sensitivity analyses, this parameter

significantly influences the rate of constituent transport in groundwater. Because it is

pQssible that the assumed values for the organic carbQn content Qfthe aquifer materials used

in the fate and transport evaluations may represent an underestimate of actual Site

concentrations, Beazer will determine Site-specific values fQr this parameter.

The specific scope ofwork and methodQlogies fQr implementation of these data collectiQn activities

will be presented in a work plan to be prepared by Beazer and submitted to EPA for review and
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approval. The work plan will be prepared in accordance with the EPA Data Quality Objectives

Process4O
•

40 U.S. EPA, October 6, 1993, Guidance/or Planning/or Data Collection in Support 0/
Environmental Decision Making Using the Data Quality Objectives Process. Interim Final, EPA
QAlG-4.
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TABLEt
GROUNDWATER REMEDIAL GOALS

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST, INC.

CONSTITUENT REMEDIAL LEVEL

Carcinogenic PAHs no detection
Benzene 5 ug/l
Ethylbenzene 142 ugll
Toluene 28 ug/l
Xylene 440 ugll
Arsenic 50 ugll
Chromium 50 ugll
Copper 28 ugll
Lead 50 ug/l
Zinc 100 ug/l
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TABLE 2
Summary of Monitoring Well Conatructlon Infonnatlon

South Cavalcad. Superfund Site
Houaton, T....
Beaur Eat, Inc.

Ground Totel Depth Topol BoUomof
Monitoring TopofCalng Caalng Surface Depth to Top Screen Screen Zone

W.1l Elevation Stick-Up Elevation of Well of Screen Elevation Elevation Monitored
Dealgnatlon (ft-mal) (ft-aga) (ft-mal) (ft-bga) (ft-bga) (ft-mal) (ft-mal)

MW01 53.24 2.9 50.34 24.00 9.0 41.34 26.34 Shallow
MW02 52.81 3.0 49.81 24.00 9.0 40.81 25.81 Shallow
MW03 51.20 2.3 48.90 24.30 14.3 34.60 24.60 Shallow
MW04 48.55 0 48.55 26.00 11.0 37.55 22.55 ShalloW
MW05 52.69 1.9 50.79 22.70 12.7 38.09 28.09 Shallow
MW06 48.04 0 48.04 26.00 11.0 37.04 22.04 Shallow
MW07 51.97 3.0 48.97 30.00 10.0 38.97 18.97 Shallow
MW08 47.94 0 47.94 21.60 11.6 36.34 26.34 Shallow
MW09 46.34 0 46.34 20.00 10.0 36.34 26.34 Shallow
MW10 52.74 3.5 49.24 56.00 36.0 13.24 -6.76 Intermediate
MW11 51.66 2.9 48.76 42.00 37.0 11.76 6.76 Intermediate
MW12 53.67 3.2 50.47 52.00 42.0 8.47 -1.53 Intermediate
MW14 48.17 0 48.17 48.00 38.0 10.17 0.17 Intermediate
MW16 46.20 0 46.20 46.00 41.0 5.20 0.20 Intermediate
MW23 49.03 0 49.03 42.40 37.4 11.63 6.63 Intermediate
P01 51.82 3.3 48.52 44.90 39.9 8.62 3.62 Intermediate

P02 50.86 2.6 48.26 45.20 40.2 8.06 3.06 Intermediate

P03 51.76 3.1 48.66 38.00 33.0 15.66 10.66 Intermediate
P04 53.00 2.6 50.40 51.00 46.0 4.40 -0.60 Intermediate
P05 53.53 2.4 51.13 56.70 51.7 -0.57 -5.57 Intermediate

P06 50.47 1.5 48.97 201.50 191.5 -142.53 -152.53 Deep
P07 50.30 0 50.30 202.00 172.0 -121.70 -151.70 Deep
DW02 50.92 3.8 47.12 210.00 180.0 -132.88 -162.88 Deep
OW-01 51.48 2.0 49.48 19.10 14.1 35.38 30.38 Shallow
OW-02 52.95 2.2 50.75 20.00 15.0 35.75 30.75 Shallow
OW-06 53.67 2.7 51.00 181.00 171.0 -120.00 -130.00 Deep
OW-07 53.61 2.0 51.61 16.10 11.1 40.51 35.51 Shallow
OW-08 51.84 2.0 49.84 19.00 14.0 35.84 30.84 Shallow

OW-D9 51.70 2.0 49.70 15.00 10.0 39.70 34.70 Shallow

OW-10 49.73 2.0 47.73 23.00 18.0 29.73 24.73 Shallow

OW-11 50.91 2.0 48.91 19.00 14.0 34.91 29.91 Shallow

OW-13 51.07 2.0 49.07 18.50 13.5 35.57 30.57 Shallow

OW-14 51.47 2.0 49.47 19.00 14.0 35.47 30.47 Shallow

LCW-01 NA NA NA 520.00 470.0 NA NA Deep

ft-mal =teet above mean sea level
ft-ags =teet above ground surface
ft-bgs =teet below ground aurface c:\jrh\socav\tab2.xls
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TABLE 3
SUMMARY OF DENSE NON-AQUEOUS PHASE LIQUID MEASUREMENTS

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST, INC.

SHALLOWAQUIFER

WELL DNAPL TmCKNESS (ft) AREA

MW-06 3.0 Southwestern

OW-02 2.25 Northern

PO-2 1.0 Northern

OW-IO Trace Southwestern

SUMP Trace Northern

OW-ll Not Measured(l) Southeastern

INTERMEDIATEAQUIFER

WELL DNAPL TmCKNESS (ft) AREA

MW-12 1.5 Northern

P-02 Trace Southwestern

P-03 Not Measured(l) Southeastern

MW-14 Not Measured(l) Southwestern

(1) The Remedial Investigation Report indicates that DNAPLs were observed in the monitoring
well during sampling. DNAPL thicknesses were not measured during the RI. DNAPL
thickness measurements conducted in August 1993 did not indicate the presence of
measurable DNAPL thicknesses in these wells.
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TABLE 4
REMEDIAL INVESTIGATION SOn. BORING ANALYTICAL RESULTS

soum CAVALCADE SUPERFUND SITE

. HOUSTON, TEXAS
BEAZER EAST, INC.

LABORATORY RESULTS SURROGATE RESULTS
DEPTI:I TOTALPAH TOTAL AROMATICS

BORINGID (feet) (m2lk2) (m2!k2)

~01-SB03 46 31 104
~01-SB03 54 BDL 41
A01-SB04 47 0.38 BDL
A01-SB06 47.5 708 5010
A01-SB06 59.5 BDL 32
A01-SB07 12 BDL BDL
A01-SB09 11.5 BDL 11
AOl-SB09 24 448 35
A01-SB09 51.5 BDL 7360
A01-SB09 59.5 BDL BDL
A01-SB10 23 BDL BDL
AOl-SB11 40.5 BDL BDL
A01-SB12 11 BDL BDL
A01-SB12 52 BDL BDL
AO1-5B13 27 BDL NA
A02-SB03 23.5 301 6110
A02-SB03 52.5 33 2580
A03-5B01 27.5 20 36
A03-SB02 26 38 371
A03-SB03 41 BDL BDL
~03-SB05 13 BDL BDL
A03-SB05 56.5 0.55 BDL
A03-SB05 60 BDL BDL
A03-SB07 48 BDL BDL
A03-SB07 58 BDL BDL
A04-SB01 10.5 2503 64600
A04-SB03 61 BDL 5
A04-SB05 54 BDL 30
A05-SB01 50.5 6 55
A06-SB01 45.5 29 45
A06-SB03 51.5 28 145
A06-SB04 25 BDL NA
A06-SB04 51 5 NA
A06-SB04 60.5 BDL NA
A06-SB05 53.5 BDL NA
A06-SB05 59 BDL NA
A06-SB06 13.5 BDL NA
A06-SB06 67.5 BDL NA
A07-SB01 4 1062 2150
A08-SB01 65.5 BDL SOL
A08-SB02 13 SDL SOL
A08-SB02 42.5 BDL 12
A08-SB02 62 7 BOL
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TABLE 4
REMEDIAL INVESTIGATION SOIL BORING ANALYTICAL RESULTS

SOUTH CAVALCADE SUPERFUND SITE

- HOUSTON, TEXAS
BEAZER EAST. INC.

LABORATORY RESULTS SURROGATE RESULTS
DEPTH TOTALPAH TOTAL AROMATICS

A08-SB03 55 BDL 11
A09-SB03 13.5 93 203
~09-SB03 64 BDL BDL
AlO-SBO1 3.5 BDL 14600
A10-SB01 50.5 1416 767
A10-SB03 15 BDL BDL
A10-SB03 67.5 BDL BDL
A10-SB04 16 BDL BDL
A10-SB04 61.5 BDL BDL
All-SB01 62.5 BDL BDL
A12-SB01 15.5 5020 26600
A12-SB02 15.5 BOL BOL
A13-SB01 3.5 8567 1300
A13-SB01 23 259 658
A13-SB02 13.5 2269 17400
A14-SB01 64 0.57 BDL
A14-SB03 14 133 341
A14-SB05 45.5 BDL BDL
kc\.14-SB06 11.5 BDL BDL
1A14-SB08 11.5 BDL BDL
A14-SB08 45.5 BDL BDL
1A16-SB02 13 BDL BDL
1A16-SB02 51.5 BOL BDL
A17-SB01 50 BDL BDL
A17-SB02 70 BDL BDL
A26-SB01 17.5 BDL BDL
A26-SB01 45.5 BOL BDL
kc\.26-SB04 62.5 BDL BDL
~6-SB05 50 BDL BDL
A26-SB06 46 BDL BDL
1A26-SB07 55.5 BDL BDL
A26-SB08 39.5 BDL BDL
A27-SB01 4 BDL BOL

BDL: Below Detection Limit
NA: Not Applicable
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TABLES
GROUNDWATER ANALYTICAL DATA - NOVEMBER 1993

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST INC.
SAMPLE

NUMBERS
LAB TRIP

IANALYIlCAL PARAMETERS SC-MW-ol(l) SC-MW-04 SC-MW-06 SC-oW-ol SC-oW-o7 SC-oW·IO SC-oW·1I SC-oW·14 BLANK.(2) BLANK 1(2)

GENERAL CHEMISTRY

BOD (5 day) mg/L(3) NA NA 157 NA NA 97.0 46.0 NA <2.0 NA

Phenol mgll,<4) NA NA 3410 NA NA 3200 867 NA <10.0 NA
Total Organic Carbon NA NA 65.0 NA NA 20.0 19.0 NA <1.0 NA

METALS(5) (Toml) ugIL

Arscnic 29.0 24.0 95.0 3.8 <1.0 22 4.8 29.0 <1.0 NA
Chromium 19.0 <6.0 <6.0 <6.0 <6.0 13.0 <6.0 15.0 <6.0 NA
ClIppcr <4.0 <4.0 <4.0 <4.0 <4.0 4.9 <4.0 <4.0 <4.0 NA
MUIII!.lIllCSC 1200 2000 610 8.8 140 1000 3300 1800 <1.0 NA
I.ead <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 NA
Zinc 18.0 11.0 35.0 11.0 16.0 22.0 14.0 29.0 <1.0 NA
METAl.S (Dissolved)ua/L
Arsenic 25.0 21.0 97.0 1.4 <1.0 23.0 3.5 9.7 <1.0 NA
Chromium <6.0 <6.0 <6.0 <6.0 <6.0 <6.0 <6.0 <6.0 <6.0 NA
Copper <4.0 <4.0 <4.0 7.7 5.6 13 <4.0 9.9 <4.0 NA
Munganese 1100 1800 650 <1.0 33.0 1100 3500 1600 <1.0 NA
Lead <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 <34.0 NA
Zinc 120 11.0 15.0 130 15.0 41.0 5.9 8.5 <1.0 NA

VOLATILE OROANIC COMPOUNDS(6) ug/L NA NA NA NA NA NA NA NA NA ND

BTEX COMI'OUNDS(7) ug/L

Benzene 5.7 12.0 780 <2.0 <2.0 760 65.0 <2.0 <2.0 <2.0
Ethylbenze 7.7 <3.0 800 <3.0 <3.0 940 300 3.0 <3.0 <3.0
Toluene 4.5 4.6 160 <3.0 <3.0 340 120 5.1 <3.0 <3.0
Xvlenes 9.1 <3.0 660 <3.0 <3.0 1000 360 20.0 <3.0 <3.0

c:'lim\soc:aWab4S.xls Page I 7128/97
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TABLE 5 (Continued)
GROUNDWATER ANALYTICAL DATA - NOVEMBER 1993

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST. INC.
SAMPLE

NUMBERS
LAB TRIP

ANALYTICAL PARAMETERS SC-MW-oI(l) SC-MW-04 SC-MW-06 SC-oW-oI SC-OW-o7 SC-oW-IO SC-oW-II SC-oW-14 BLANK(2) BLANK 1(2)

SEMI VOl.ATIl.E ORGANIC COMPOUNDSOO uglL
Detectiun I.imits (per IImnllle) 10 10 20 10 10 100 10000 10 - -
Naphthllliene 1600 • 460 • 16000 • 2J I J 15000 • 43000 2900 * NA* NA
Al:cnllph\hylene 2J I J 31 IOU IOU 23 J 10000U 15 NA' NA
Acenaphthene 65 • 95 * 360 * lJ IOU 460 8900J 320 * NA NA
Fluorene 43 47 170 * I J IOU 250 5500J 180 * NA NA
Phenanthrene 26 15 300 • 21 IOU 410 14000 92 * NA NA
Anthracene I J 4J 42 IOU IOU 57 J 1800 J 23 NA NA
Fluoranthcne I J 6J 95 I J IOU 120 78001 35 NA NA
Pyrene I J 3J 56 I J IOU 69J 34001 19 NA NA
Benzll (A) Anthracene IOU IOU 19 J I J IOU 15 J 1300J 3J NA NA
ChlVsene IOU IOU 12 J I J IOU 10 J 1I00J 3J NA NA
Aen;t,O (A) Fluoronthene IOU IOU 9J 2J IOU 6J 490J 2J NA NA
Rcnzll (K) Flullrllnthcne IOU IOU 20U IOU IOU 31 10000U I J NA NA
Benzo (A) Pyrene IOU IOU 3J I J IOU 2J 10000U I J NA NA
huleuu (1.2,.1-CD) l'yrcne 10 U 10 U 20U IOU IOU 100U 10000U IOU NA NA
Dihenzu (A,II) Anthrlll:Cuc IOU 10 U 20U IOU IOU 100U IOOOOU IOU NA NA
Benzo (Olin PelVlene IOU IOU 20U IOU IOU 100U 10000U IOU NA NA

NOTES:
(I) Sllmple Identification; SC = South Cavalcade; MW = monitoring well; OW = observation well
(2) Quality control samples
(3) Units are in milligrams per liter
(4) Units are in micrograms per liter
(5) A1wlytical methods used are USEPA SW846 Method 6010nOOO
(6) Analytical method used is USEPA SW846 Method 8240
(7) Analytical method used is USEPA SW846 Method 8020
(8) Analytical method used is USEPA SW846 Method 8270
NA - Not Analyzed
ND - Not Detected
• Compound amount determined from dilution
U - Undetected at the listed detection limit
J - Compouud is present but below the listed detection limit.

c:~rh\soca\A,aIlb4S xis Pago2 7/28/97
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TABLE 6

SUMMARY OF GROUNDWATER ANALYTICAL DATA
MOBIL TERMINAL MONITORING WELL MW-17

HOUSTON TEXAS

Total Petroleum

Date Benzene Toluene Ethyl-Benzene Xylenes TotalBETX Hydrocarbon
ugll ug/l ugll ugll ugll ugll

5/28/92 NO NO NO NO NO NO
9/11/92 NO NO NO NO NO NO
11/25/92 NO NO NO NO NO NO
11/30/93 NO NO NO NO NO NO

c:~rh\socav\tab6.xls
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TABLE 7

EFFECTIVE SOLUBILITY AND ORGANIC CARBON PARTITIONING COEFFICIENTS
SOUTH CAVALCADE SUPERFUND SITE

HOUSTON, TEXAS
BEAZER EAST, INC.

Compound Effective Solubility (ug/I)1 Koc2

Acenaphthene 1.785 x 103 5.01 X 103

Anthracene 3.390 x 102 1.26 X 104

Benzene 3.799 x 103 6.46 x 101

Benzo(a)anthracene 3.000 x 10° 1.38 X 106

Benzo(a)pyrene 8.000 x 10-2 5.50x 106

Benzo(g,h,Qperylene 5.000 x 10-2 1.58 X 106

Chrysene 1.000 x 10° 2.00 X 105

Ethylbenzene 2.920 x 102 6.76 X 102

Fluoranthene 9.300 x 101 3.80 X 104

Fluorene 8.810 x 102 7.94 X 103

Naphthalene 1.273 x 104 1.29 X 103

Phenanthrene 5.980 x 102 1.26 X 104

Pyrene 1.090 x 102 3.80 X 104

Toluene 1.041 x 103 2.57 X 102

Xylenes 3.130 x 102 6.92 X 102

1) Effective Solubility Feenstra S. and J.A. Cherry, 1990
Groundwater Contamination by Cresote
In Proceedings from the Eleventh Annual Meeting of the
Canadian Wood Preserving Association,
Toronto, Canada

(

\

2) Organic Carbon
Partition Coefficient <KoJ U.S. EPA, 1990, Subsurface Remediation Guidance,

EPAl540/2-90/011 b.

c:ljrh\socav\lab7.xis Page 1 7/28/97
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TABLE 8
MODEL INPUT PARAMETERS

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST, INC.
K (ftlyr)

Lower Upper

I (ftIft)

Lower Upper

Ip (ftIft)
Lower Upper Lower

n
Upper

Pb(g/cm·)'
Lower Upper

foe
Lower Upper

ax (feet)'

Lower Upper

1.6 1::(::)':·;1,6::=;:\:.:::'

[
~-_.

1.6 .. :.,:.: 16·... ·:!6'j( 10~ 5.7 x 10-3

)('1;i~:@] 1.988 L~)ri'1'01J 5.7 x 10-3675.45 [':~~1""ii8-:J 0.00257 F~fOQ&!.!.J 0.01875 [~1Wir:

7173.63 [~~H~;~Q.I 0.00176 I""§Q~~~~'I 0.01740 ['"·o~Q~~~fOO.

South Area

North Area

1) Hydraulic Conductivity (K): NORTH AREA· Mclaren/Hart Environmental Engineering Corporation October 1993,
Groundwater Collection Trench Pilot Study Report.
SOUTH AREA· Keystone Environmental Resources, Inc., July 1992.
Extraction Well Pilot Study Report, South Cava/cade Site. Houston, Texas

2) Hydraulic Gradient (i): Keystone Environmental Resources,lnc., July 1988,
Final Report- Remedial Investigation. South Cavalcade Site. Houston, Texas

3) Hydaulic Gradient (ip): Estimated hydraulic gradient assuming a downgradient, offsite pumping well.

4) Effective Porosity (n): Freeze, R.A. and J.A. Cherry, Groundwater, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1979.

5) Groundwater Seepage Velocity (v.): Calculated from 1, 2, and 3.

6) Bulk Density (Pb) Freeze, R.A. and J.A. Cherry, Groundwater, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1979.

7) Fraction of Organic Carbon (fae): Karickhoff, S.w., D.S. Brown, and TA Scott, 1979. Sorption of Hydrophobic Pollutants

of Natural Sediments, Water Research, Vol. 13, pp 241-248.

8) Dispersivity (ax): Gelhar, et ai, 1985 A Review ofField Scale Physical Solute Transport Process in Saturated

and Unsaturated Porous Media. Electric Power Research Institute, Palo Alto, California.

[--'-~"':J Represents input paramater that will yield conservative output.

ITiliNIMlmB11m Median value used.

Note:

dmw-c:\Off-'ce\wpwin\wpdocs\96-118\t8b1e-8.x1s

Extra digits maintained for calculated values in order to reduce rounding errors during subsequent modeling.

Page 1 7130197
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TABLE 9

SUMMARY OF MODEL SIMULATION CONSTITUENTS
SOUTH CAVALCADE SUPERFUND SITE'

. HOUSTON,TEXAS

Compound Scenario Scenario Scenario Scenario Scenario Scenario
1A 18 2 3 4 5

Acenaphthene N,S N,S - N N N

Anthracene N,S N,S - N N N

Benzene N,S N,S - N,S N,S N,S

Benzo(a}pyrene N,S N,S - -- - -
Chrysene N,S N,S - - - -
Ethylbenzene N,S N,S - N,S N,S N,S

Fluorene N,S N,S - N N N

Naphthalene N,S N,S N,S N,S N,S N,S

Phenanthrene N,S N,S - N N N

Pyrene N,S N,S - - N N

Toluene N,S N,S - N,S N,S N,S

Xylenes N,S N,S - N,S N,S N,S

'N' represents modeling scenarios performed for a constituent in the North Area.

'S' represents modeling scenarios performed for a constituent in the South Area.
,_, indicates not evaluated.

c:~rh\socav\table9.xls
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TABLE 10
SUMMARY OF BIOSCREEN MODEL RESULTS

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST, INC.

NORTHERN AREA

Constituent Time to Attain Biodegradation Literature Values Potentially Predicted Steady-State
Steady State Half-Life for Applicable Groundwater Concentration at

Condition Used in Simulation Biodegradation Groundwater Hypothetical Future EXposure
(years) Half-Life Criteria Point

(ug/I) (ug/I)

Acenaphthene 6 204 days 25 - 204 days 2,190 (I) 0.0

Acenaphthene 12 1.19 years 25 - 204 days 2,190 (I) 7

Anthracene 22 2.5 years 100 days - 2.5 11,000 (I) 1
years

Benzene 3 2 years 10 days - 2 years 5 (2) 3,190

Benzene 8 0.7 years 10 days - 2 years 5 (2) 3

Ethylbenzene 5 228 days 6 - 228 days 142 (2) 31 .

Fluorene 3 120 days 64 - 120 days 1,460 (I) 0.0

Fluorene 21 2.05 years 64 - 120 days 1,460 (I) 6

Naphthalene 8 258 days 1- 258 days 1,460 (I) 603

Phenanthrene 9 1.1 years 32 days - 1.1 years 11,000 (I) 0.0

Phenanthrene 24 3.07 years 32 days - 1.1 years 11 000 (I) 3,
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TABLE 10
SUMMARY OF BIOSCREEN MODEL RESULTS

SOUTH CAVALCADE SUPERFUND SITE
HOUSTON, TEXAS

BEAZER EAST, INC.
(page 2)

NORTHERN AREA

Constituent Time to Attain Biodegradation Literature Values Potentially Predicted Steady-State
Steady State Half-Life for Applicable Groundwater Concentration at
Condition Used in Simulation Biodegradation Groundwater Hypothetical Future Exposure

(years) Half-Life Criteria Point
(ugll) (ugll)

Pyrene 74 10.4 years 1.15 - 10.4 years 1,100 (I) 1.0

Toluene 0.7 28 days 7-28 days 28 (2) 0.0

Xylene 6 365 days 14 days - 365 days 440 (2) 74

SOUTHERN AREA

Benzene 18 2 years 10 days - 2 years 5 (2) 100 -

Benzene 13 1 year 10 days - 2 years 5 (2) 0.0

Ethylbenzene 4 228 days 6 - 228 days 142 (2) 0.0

Naphthalene 10 258 days 1- 258 days 1,460 (I) 0.0

Toluene 0.8 28 days 7-28 days 28 (2) 0.0

Xylene 8 365 days 14 days - 365 days 440 (2) 0.0
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TABLE 10 
SUMMARY OF BIOSCREEN MODEL RESULTS 

SOUTH CAVALCADE SUPERFUND SITE 
HOUSTON, TEXAS 

BEAZER EAST, INC. 
(Page 3) 

(1) Texas Natural Resource Conservation Commission Media Specific Concentrations for Groundwater - 31 Texas Administrative 
Code §335.568 Appendix II. 

(2) Groundwater Remedial Goal Specified in the Record of Decision for the South Cavalcade Superfund Site. 

c:\jJh\socav\tab I O.wpd 
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Table 11

Comparison of Ogata-Banks and BIOSCREEN Simulation Results

Naphthalene - North Area

Concentration Distance Time
(ug/L) (feet) (years)

Ogata-Banks 5977 125 1
BIOSCREEN 5976 125 1

Ogata-Banks 8725 425 4
BIOSCREEN 8724 425 4

Ogata-Banks 8631 650 6
BIOSCREEN 8629 650 6

Naphthalene - South Area

Concentration Distance Time
(ugIL) (feet) (years)

Ogata-Banks 5941 125 15
BIOSCREEN 5942 125 15

Ogata-Banks 6554 400 50
BIOSCREEN 6555 400 50

Ogata-Banks 6592 800 100
BIOSCREEN 6594 800 100

c:~rh\socav\compare.xls
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TABLE 12

SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comp'arison of Field Data to Simulation Resuits

Data Summary

Field Data Scenario 1A Scenario 3 Scenario 4 Scenario 5

Benzene (ug/L)
North Area 5.7 3799 3799 3190 3227
South Area 5U 3799 0 207 352

Ethylbenzene (ug/L)
North Area 7.7 292 0 77 83
South Area 5U 210 0 0 0

Toluene (ug/L)
North Area 4.5 1040 1040 6 9
South Area 5U 1040 0 0 0

Xylene (ug/L)
North Area 9.1 313 0 131 139
South Area 5U 313 0 0 0

Naphthalene (ug/L)
North Area 1600 12700 0 2043 2283
South Area 24 6000 0 0 0

Fluorene (ug/L)
North Area 43 881 0 0 0
South Area 20 0 0 NA NA

Acenaphthene (ug/L)
North Area 65 1790 0 4 5
South Area 22 0 0 NA NA

Phenanthrene (uglL)
North Area 26 598 0 0 0
South Area 57 0 0 NA NA

Scenario 1A - Ogata-Banks ('Worst Case")
Scenario 3 - Ogata-Banks ("Best Case")
Scenario 4 - BIOSCREEN - Non-Pumping ('Worst Case")
Scenario 5 - BIOSCREEN - Pumping ('Worst Case")

NA =not analyzed
U = constituent was not detected at the listed detection level
ug/L = micrograms per liter

~h c:\scav\96-118\datasum.xls
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WATER WEll DATA

D. OWNER DEPTH DIMAETER (IN.) SlA1US

1 AM 1 6. M I
2 T.V. TRAN 363' 6.75 DOMESTIC

r C.G. VAUGHN 292' 6.75 DOMES1C

• CITY OF HOUS10N 2080' 2. PUBLIC SUPPLY
5 GOODWill INDUS1RIES 561' 7.875 PUBLIC SUPPLY
6 RAlNBO BAKERY 3.5' 6.75 DOMESllC
7 CITY OF HOUSTON 1993' 2. PUBLIC SUPPLY
8 HGCSD 1033' 7.875 lEST WEll
9 HGCSD .87' 7.875 TESl WEll
10 HGCSD 299' 7.875 TESl WEll
11 HGCSD 1596' 4.5" UNUSED
12 HGCSD .87' •.5 UNUSED
13 HGCSD 1035' •.5" UNUSED,. HGCSD 298' •.5" UNUSED
15 HGCSD 2170' 5.5 UNUSED
16 CITY OF HOUSTON 1291' 21.5 ABANDONED
17 HUNl FOODS 782' I." INDUSTRIAl
18 M. AUGUSTINE 6" •.5 DOMESTIC
19 Mc!cN WEll SERVICE 346' 6.75" DOMESTIC
20 HOUSTON INTL. lElEPORT 80' 10 PUBLIC SUPPLY
21 UNKNOWN UNKNOWN UNKNOWN UNKNOWN
22 KENT WONG 502' 6.5" INDUSTRIAl
23 HENRY BAKER 378' 6.5 DOMESTIC

N
TEXAS

• WATER WELL LOCATION

OUADRANGlE lOCATION

KEY ENVIRONMENTAl., INC. ISSUE DATE:

BEAZER EAST, INC.
PITTSBURGH, PENNSYLVANIA

DRAWN: "'El DATE: 10/3'/96 lCe~
CHKD: JSZ DATE: '0/31/96 """'~~AL

f--".AP---P':'::D---:-JS:":Z-+':'::D---Al':'::E---:-'---0---/3---'---/9-6-1 INOOI'fIOORA'T2D

SCALE: " - ZOOO'

SOUTH CAVALCADE SUPERFUND SITE
BAEAZER EAST, INC

HOUSTON, TEXAS

REFERENCE: ENVIRO!SEARCH, AUGUST 1996.

C:\CAVA!.CN1\nC-Wl,owe

ROSSLYN FARJ.lS
INDUSTRIAl PARK
'200 ARCH 51.. SUIT[ 200
CARN[QE, Plio 1~I06

WELL INVENTORY MAP

DRAWING NUMBER
96118

FIGURE 12
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SOUTH CR"'ALCHOE SJ rE - GiilOUNlIllfUER RNRL...nCHL RESULTS

S..pl. Nu"b'" 11II01-001 "1101-002 "110;:-001 1IIl02-002 "IIU)-OUI 1IIl0)-00:! "1101-001 "1I01-00Z
-----------------------------------------------------------------------------------------------------------------------------------z.... 5 S S 5 5 5 5 S
---------------------------------------------------------------------------------------------------------------------------------
SEnlvOLATJLE ORGANJCS

luyU

----------------------------------------------------------------------------------------------------------------------------------
V.l'd.tion Sl.lus ; a a a a ... a " a---------- ---------~----------------------------------------------------------------------- ------------------------PIEHOL 100 U SOU zoo U 100 U 10 10 U 50 10 U
BlSCZ-CHLDROETHVLJETHER ..00 U 50 U ZOO U 100 U 10 10 U 50 10 II
Z-tHLOROPHEIlDL "DO U 50 U ZOO U 100 U 10 10 U 50 10 U
1.3-0JCHLOROBENZENE "DO U 50 U 200 U LOO U 10 10 U 50 10 II
1."-DJ CHLORlIBENZENE ..00 U 50 U ZOO U 100 U 10 10 U 50 10 U
BENZYL ALCOHOL ..00 U 50 U ZOO U 100 U 10 10 U 50 10 U
l.2-DJ CHLOROBENZDIE ..00 U SOU zoo U 100 U 10 10 U 50 10 II
Z-ItETHYLPHEIIOL 110 J 130 3lJ 37 J 10 lD U 5D lD U
BlSCZ-CHLOROJSDPADPYL)ETHER 100U 50 U zoo U 100 U 10 10 U so 10 II
1-1tETHYLPHENOI. ,.. J 'IS ZOO U 100 U 10 10 U 50 10 U
N-NITROSODJPROPYLANINE ..00 U 50 U 2DO U 100 U 10 10 U 50 10 U
HEXACHLOROETHANE ..00 U 50 U ZOO U 100 U 10 10 U so 10 U
NJrROBENZENE ..00 U 50 U ZOO U 100 U 10 10 U so 10 I)

JSOPHORONE 100 U 50 U ZOO U 100 U 10 10 U SO 10 II
2-NrTROPHENOL ..00 U SO 2DO U 100 U 10 10 U 50 10 U
Z.~-DJ"ETHYLPHENOL 550 '20 31J 36J 10 10 U SOU 10 II
BENZOJC ACJD 2ODO U 250 LOOO 500 50 50 U Z50 U 50 U
BJSCZ-CHLOROETHDXY)~HANE 100 U SO ZOO 100 10 10 U 50 U 10 "
Z.~-DJCHLOROPHENOL 100 U 50 2DO 100 10 10 U 50 U 10 U
1.2...- TRJ CHLDRlI8EJtZEJlE ..00 U 50 zoo 100 10 10 U 50 U 10 U
NIPHTHALENE 3100 3100 11000 11000 10 U 10 U 5..0 Z80
"-CHLORDflltJLJJIIE 100 U SO zoo 100 10 U 10 U 50 U 10 u
HEXACHLORD8UTADJENE 100 U 50 zoo 100 10 U 10 U SOU 10 U
P-CHLOP.OooN-CRESOL ..DO U so zoo 100 10 U 10 U SOU 10 U
Z-"ETHYLNAPHTHIILENE UO J 110 530 560 10 U 10 U 7 J 7 J
HElCIICHLORDl!¥CLIII'ENTIIIlJEJIE 100 U 50 zoo 100 10 U 10 U 50 U 10 U
Z.... '-TRJCHLDROPHENDL 100 U SO 2DO 100 10 U 10 U 50 U 10 U
Z.1.5-TRJCHLDRDPHENOL 2D00 U 25D 1000 5DO SOU 50 U 250 U 50 U
Z-CHLORONAPHTHRLENE 100 U 50 zoo 100 10 U 10 U SOU 10 U
Z....I rRDIINJ LJ JIIE 2DDlI U 250 lODD SOD 50 U 50 U 250 U 50 U
DJ"ETHYL PHTHALATE 100 U 50 zoo 100 10 U. 10 U 50 10 U
AC!::HAPHTINLEtIE 100U 'I J 200 100 10 U 10 U 50 10 U
3-HrnnANJLJtIE 2000 U 250 1000 500 SO 50 U 250 50 U
ACEHAPHTHENE UO J 110 51D 1&0 10 10 U 150 7'J
Z."-OJNJTROPHENOL 2DDlI U 25D 1000 U !lDO 50 50 U 2!lD 50 U
..-NJTRDPHENOL 2000 U 250 1000 U SOD 50 SOU 250 SOU
DIBEN20FURAN '5 J 88 310 31D 10 10 U 77 ..,
Z...-oJNJTROTOLUENE lOOU SO ZOOU 100 10 LO SO 10 U
Z.'-OJNJTP.OTOLUENE 100 U SO 2DOU 10D LO 10 SO 10 IJ
OJETHYL PHTHRLATE ..00 U so 200 U 100 10 10 50 10 U
..-CHLOROPHENYL PIIEIM. ETHER lOOU 50 200 U 100 10 10 SO 10 U
FLUORENE 1l'J ,.. 22D zoo 10 LO 8.. 55
"-NI TRlIAHILJ NE 2DD0 U Z50 1000 U SOD 50 SO 250 SOU
".'-OJNJTRO-200NETHYLPHENOL 2DDO U 2!lD 1000 U SOD 50 SO ZSO 50 U
N-NJTROSDDJPHEHYLAnlNE ..00 U 50 ZOO U 100 10 10 50 10 U
"-BRO"OPHENYL PHEtIYl. ETllER 100 U so zoo U 100 10 10 50 10 IJ
HEXIICHLOROBENZENE lOOU SO zoo U LOO 10 10 50 10 II
PENTACHLOROPHENOL 2000 U 2!lO 1000 U 500 SO SO 250 50 U
PHENANTHRENE 2B J SO 3;:0 300 10 10 21 U
ANTHRACENE 100 U 50 ..1 J 3'JJ 10 10 8 J , J
DJ-M-8UTYL PHTHALATE 100 U 50 ZOO U 100 U 10 10 50 U 10 U
FLUORfltITHENE 100 U SO 15J 55 J 10 10 50 U , J
P¥RENE 100 U SOU 31J .., J 10 10 SOU 3 J
BUrYL BENZYL PHTHALATE 100 U 50 U zoo U 100 U 10 10 50 U 10 IJ
3.3·-DJCHLOROBENZIDJHE 800 U 100 U lOOU 200 U ZO 20 100 U :!tIU
BENZOeA)ANTHRIICEHE lOOU sou ZOO U 100 U LO 10 U 50 U 10 U
BJSCZ--ETHYLHEXYL)PHTHRLATE 100 U 50 U zoo U 100 U LO 17 50 U 10 U
CHRYSENE ..00 U 50 U zoo U 100 U 10 10 U 50 U 10 II
DI-N-OCTYL PHTHALATE ..00 U 50 U ZOO U 100 U 10 10 U 50 U 10 U
BENZOeB)FLUORRNTHENE 100 U 50 U ZOO U 100 U 10 10 U 50 U 10 U
8ENZOC~)FLUORIINTHENE "OD U SOU zoo U LOD U 10 LOU 50 U 10 U
BEHZOeA)PYRENE 100 U 50 U 200U 100 U 10 10 U 50 U 10 U
JNOENOC1.2.3-CD)PYREME 100 U 50 U 2DO U 100 U 10 10 U 50 U 10 II
OJ8ENZOCAH),,"THRRCENE 100 U 50 U ZOO U 100 U 10 10 U 50 U 10 II
BENZO CGHJ) PERYLEHE ..00 U 50 U ZOO U LOO U 10 10 U SOU 10 U
===========----- -===============================================--============--============================--============

NOTES ; eU) Und.t.ctM; CJ) Pr.s_l ...1_ d.t..:ti_ lillil; CNII) Mol "-1....__ C") ....Ud; Q) J_.Ud;
CHl./) Hot ~.lid.l"'; CO) Dual iiiM; CS) Sh.Uo... CD) o-p.
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sourH CAI.'fILCAOE SirE - GROUNOWArER ANnL~r]CIIL RESULrS 

i 
S ... pl. N __ .... 05-001 "WOi-OOI "WOi-002 "1IC/1-001 "WO;'-002 "W08-UUI "WOtl-002 ""0'11-001 
-----------------------------------------------------------------------------------------------------------------------------------Zone 5 5 5 5 5 5 S 5 
----------------------------------------------------------------------------------------------------------------------------------
SE"IVOLArILE ORGANICS 

~U9,.1) 

--------------------------------------------------------------------------------------------
V.lad.tion Sl.lus I D.JI 0 Q 0 0 D," II II .----------------------------------------------------------------------------------------------------
PHENOL 10 U 10000 U 1;'0 10 U 50 U 10 U 20 U 101I 
BISCZ-CHLOROErH¥L)ErHER 10 U 10000 U 100 U 10 U 50U 10 U 20 U '\OU 
2-CHLOROPHENOL 10 U "10000 U 100 U 10 U 50 U 10 U 20U "IOU 
1.3-DICHLOROBENZEHE 10 U 10000 U 100 U 10 U 50U 10 U 20U 10 U 
I. 1-01 CHLOROBENZENE 10 IJ 10000 U 100 U 10 U 50 U 10 U 20 U 10 U 
BENZYL ALCOHOL 10 U 10000 U 100 U 10 U 50 U 10 U 20 U 10 U 
I.Z-OICHLOROBENZEHE 10 IJ 10000 U 100 10 U 50 U 10 U 20 U 10U 
2-"ErHYLPHEItOL 10 U 10000 U 1100 10 U SOU 10 U 20 U 'IOU 
BISCZ-CHLORQJSOPRQPYL)ETHER 10 U 10000 U 100 10 U 50U 10 U 20U 10U 
1-"ErHYLPHENOL 10 U 10000 U 280 10 U 50 U 10 U 20 U 10 U 
N-NlrROSODJPROP¥LA"JNE 10 U 10000 U 100 10 U 50 U 10 IJ 20U 10 U 
HESACHLOROErHIINE 10 U 10000 U 100 10 U SOU 10 U 20 U "IOU 
NIrROBENZENE 10 U 10000 U 100 10 U SO 10 U 20 U 10 U 
ISOPHORONE 10 U 10000 U 100 10 U 50 10 U 20 U 10U 
2-NlrROPHEHOL 10 U 010000 U 100 lOU SO 10 U 20U 10 U 
2.1-DIHErH¥LPHEHOL ID U i'100 01 100 10 50 10 U 20U 10 U 
8ENZOIC ACID SOU 200000 500 50 250 SOU 100 U 200 U 
815 (2-CHLOROErHQMv)nETHANE 10 U 10000 100 10 50 10 U ;:aU 10U 
2.~-DJCHLOROPHEHOL 10 U 10000 100 10 50 10 U 20U 10U 
1.2.1-rRJCHLDROBENZENE 10 U . 10000 100 10 SO 10 U 20U lOU 
NAPHrHALENE 10 U 820D00 35000 10 50 21 2 J 10U 
1-CHLOROANJUNE 10 U 10000 100 10 SO 10 U 20U 10U 
HEXACHLOROBUTROIEHE 10 U 10000 100 10 50 10 U 20 10 U 
P-CHLORD-"-CRESOL 10 U 10000 100 10 50 10 U 20 10 U 
2-HETHYLHAPHTHIILENE 10 U 130000 32000 10 50 7 J 20 10U 
HEXIICHLOROCYCLOPEHrllllEIIE 10 U 10000 100 10 50 10 U 20 10U 
2. 1. i-rRJCHLOROPHEHOL 10 U 10000 100 10 50 10 U 20 'IOU 
2.1.5-rRJCHLDROPHEHOL 50 U 200000 500 SO 2SO 50 U 100 200 U 
2-CHLORONAPHTHIILENE 10 U 10000 100 10 50 ID U 20 10U 
2-NIrRO,,"ILINE SO 200000 500 50 2SO SOU 100 ZOO U 
OI"ErH¥L PHrHALATE ID 10000 100 10 50 10 U 20 'IOU 
ACEHAPHrH¥L£N£ 10 1:!1OO 01 &10 10 50 10 U 20 1QU 
3-NIrROflNIUNE 50 200000 U 500 SO 250 50 U 100 200 U 
ACEHIIPHTHENE 10 210000 &100 10 50 22 12 01 10 U 
Z.1-0JNlrROPHENOL 50 200000 U 500 50 250 SOU 100 U 200 U 
1-NJrROPHEIIOL 50 200000 U 500 50 2SO SOU 100 U 200 U 
DJBENZOFURAN 10 I~OOOO 1800 10 50 20 , 01 10U 
2.~-DJNJrROrOLUEHE 10 10000 U 100 10 50 10 U ZOU 'IOU 
2. i-OJ NJ rROTDLUEHE 10 10000 U 100 10 SO 10 U 20U 10U 
DJErHYL PHrHALArE 10 lODOO U 100 10 50 10 U 20 U 1011 
~-CHLDROPHEH¥L PHEIM.. ETHER 10 10000 U 100 10 50 10 U 20U 'IOU 
FLUORENE 10 110000 $300 10 50 20 101 10U 
~-NIrROANJLJNE 50 200000 U 500 U 50 250 SOU 100 U 200 U 
1.i-DJNJTRO-2-HETNYLPNEMOL 50 200000 U 500 U SO 250 5D U 100 IJ 200 II 
N-NJrROSOOIPHEN¥LIIHJNE 10 10000 U 100 U 10 50 10 U 20 U 10U 
1-9ROHOPHEN¥L PHENYL ETHER 10 10000 U 100 U 10 50 lOU 2D U 1011 
HESACHLOROBEHZENE 10 10000 U 100 U 10 50 10 U 20 U 'IOU 
PENrACHLOROPHENOL 50 U 200000 U 500 U 50 250 50U 100 U 200 U 
PHENANrHRENE 10 U ~80ooo 18000 10 SO 51 25 10 U 
ANrHRACENE 10 U 10000 3200 10 SO 101 1 J lOU 
OI-H-8UrYL PHrHRLArE 21 10000 U 100 U 10 50 3' 1 01 10U 
FLUORANrHENE 10 IJ 200000 'J1OO 10 U SO I'! 15 01 101J 
P¥RENE lOU 1&0000 i500 ID U SO 13 15 01 10U 
81Jr¥L BENZ¥L PHTHALATE 10 U 10000 U 100 U ID U 50 10 U 20 U lOU 
3.3·-OJCHLDR08ENZlDINE 20U 80000 U 200U 20U 100 U ZOU 10 U BOU 
BEN20CA)ANrHRACEHE 10 U 310110 J 2&00 10 U 50U 10 U 20 U 10 U 
BISe2-ErH¥LHEXYL)PHrHRLArE 10 U 10000 U IOOU lOU SOU 10 U 11 10 U 
CHRYSENE 10 U 31000 01 I&DO lOU SOU 10 U 20U 10U 
DI-N-OCrYL PHrHALATE 10 U 10000 U 100 U 10 U SOU 10 U 20U 10 U 
BEHZOCB)FLUORRNrHEHE 10 U '000 01 1200 10 U SOU 10 U 20 U 10U 
BENZOC~)FLUORAHrHENE 10 U 12000 01 100 U lOU 50 U 10 U 20 U 10U 
BENZOCA)P¥RENE 10 U "10000 U 510 10 U SOU 10 U 20 \I 10U 
JNDENOCI.~.l-CD)P¥RENE 10 U 10000 U 120 10 U 50 U ID U 20U 10 U 
DItlENZOCAH)ANrHRIICEHE ID U 1001J0 U IDO U 10 U 50U 10 U 20U lOU 
BENZOCGHJ)PERYLEHE lOU 10DOO U 100 10 U 50 U 10 U 20U 10 U 
====================---=-========================================================================================================== 

NOrES : C\D Undeteel"': (01) P .. e.-t 1»1_ d.l..,t.i_ BRil: CHIt) No t "-1,.ndl (II) II&lid; el) In".U d; 
(Nil> Not ... lid.l ... ; CD) au.1ifi •• h CS) Sh&l1_: ~D) a.ep. 
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sourH CA~LCADE SIrE - GROuHDuArER AHALyrICAL RESULrs 

S""pl. H,,"b." "WI)1-D02 "'110-001 "UIO-002 nUll-OOI "Ull-002 nwI:!-OOI nW12-Clu2 "111-4-001 
----------------------------------------------------------------------------------------------------------'Qn. S S S 5 S 5 S S 
----------------------------------------------------------------------------------------------------------------------------------
SEnlVDLArlLE ORGAHICS 

CU9.f1) 

--------------------------------------------------------------------------------------
Valadalaon Slalus • v a a v a a v D 
--------------------------------------------------------------------------------------------------
PHEtiOL 50 U 200 U 10 U 10 U 20U I., J 31 20000 U 
BISC2-CHLOROErHYL)ErHER sou 200 U 10 U 10 U 20 U 200 U 20 U 20000 U 
2-CHLOROPHENOL 50 U 200 U 10 U 10 U 20U 200 U 20 U 20000 II 
1.3-0ICHLORoBENZEHE 50 U 200 U 10 U 10 U 20U 200 U 20 U 20000 U 
1.~-OICHLOROIENZEHE 50 U 200 U 10 U 10 U 20U 200 U 20 U 20000 U 
BENZYL ALCOHOL sou 200 U 10 U 10 U 20U ZOO U 20 U 20000 U 
1.2-0ICHLOROBEHZEHE 50 U 200 U 10 U 10 U 20 U 200 U 20 U 20000 U 
2-nErHIo'LPHEHDL SOU 200 10 U 10 U ~U .. 50 BO 3800 J 
BISC2-CHLORoISOPROPIo'L)ErHER 50 U 200 10 U 10 U 20U 200 U 20U 20000 U 
~-nErHYLPHEHOL SOU 200 IOU 10 U 20U 7:!O 1&0 8500.1 
N-NtTRoSODIPROP¥LAnINE SOU 200 10 U 10 U 20U ZOOU 20 U 20000 U 
HEXACHLOROETHANE SOU 200 10 U 10 U 20U ~OO U 20 U 20000 U 
NITROBENZEnE 50 U 200 10 U 10 U 20 200 U 20 U 200(10 U 
ISOPHOROHE SOU 200 IOU 10 U 20 200 20 U 20000 U 
2-NlnOPHEHDL 50 U 200 10 U 10 U 20 200 20 U ~oOOO U 
2.~-OInETH¥LPHENOL SOU 200 10 U 10 U 20 1100 170 5500 J 
BENZOIC ACID 250 U 1000 SOU 50 100 1000 100 U 100000 U 
aISC2-CHLOROErHOXlo')NETHRNE sou 200 10 U 10 20 200 20U 20000 U 
2."-OICHLOROPHEHOL 50 U 200 10 U 10 20 200 20U 20000 U 
1.~."-TRICHLOR08ENZENE SOU 200 10 U 10 20 200 20 U 20000 U 
HAPHrHALEHE 13J 3100 690 10 20 7100 7710 3 .. 0000 
"-CHLOROANILINE SOU 200 10 U 10 20 200 20 U 20000 U 
HEXACHLORoBurllDIENE SOU 200 10 U 10 20 200 20 U 20000 U 
P-tHLORo-n-tRESOL 50 U zoo 10 U 10 20 200 20U 201J00 U 
2-nETHIo'LHAPHrHALENE SOU 1&0 100 10 20 570 2SO 5S0OO 
HEXACHLOROCYCLOPENrRDlEHE SO U 200 U 10 U 10 20 200 20 U 20000 U 
~.".6-TRICHLOROPHENOL SOU 200 10 U 10 2D 200 20U 20000 U 
2 .... 5-rRICHLOROPHEHDL 2SO U 1000 50 U 50 lOG 1000 100 U 100000 U 
2-CHLOROHAPHTHRLENE SOU 200 10 U 10 20 200 20 U 20000 U 
2-NrTROANILINE 2!10 U 1000 SOU 50 100 1000 U 100 U 100000 U 
DlnETHIo'L PHrHALArE SOU 200 10 U 10 ZO 200 U ZOU 20000 U 
IICENAPHTHIo'LEHE SOU 200 & J 10 20 llJ , J 2200 J 
3-HIrRoAHIUNE 2!10 1000 SOU 50 100 1000 U 100 U 100000 U 
ACEHAPHrHEHE 50 &BO 210 10 20 &SO 3CJO 82000 
2.~-OINIrROPHENOL 2SO 1000 SOU 50 100 lOOO U 100 U 100000 U 
"-HlrROPHENOL 250 1000 SOU SO U 100 1000 U 100 U 100000 U 
DIBEHZOFURAN sa 310 110 10 20 "10 220 56000 
2.~-oIHITRoTOLUENE 50 200 10 U 10 20 200 U ZOU 20000 U 
2.&-DIHlrRorOLUENE SO 200 10 U 10 20 200U ZOU 20000 U 
oIErHIo'L PHTHALATE SO 200 lOU 10 20 200U 20 U 20000 U 
04-CHLOROPHEIM. PIIEHYL ETHER so 200 10 U 10 20 200U 20 U 20000 U 
FLUOREHE SO 210 110 10 20 310 160 &;-000 
.. -NIrRORHIUHE 2!10 1000 120 50 100 1000 U 100 U 100000 U 
... &-DIHIrRO-2-ftETHYLPHENOL 250 1000 SOU 50 100 1000 U 100 U 100000 U 
N-HITROSODIPHENYLAnINE SO 200 10 U 10 20U 200 U 20 U 2000U II 
"-BROHOPHEN¥L PHENYL ETHER SO 200 10 U 10 20U 200U 20 U 20000 U 
HEXACHLOROBENZEHE 50 200 10 U 10 20U 200U 20U zaooo U 
PEHrACHLOROPHEHOL 250 1000 SOU 50 100 U 1000 U 100 U 100000 U 
PHEHANrHRENE 50 .. 10 lao 1 J 20U &SO 370 200000 
ANTHRIICEHE 50 50 J 27 10 U 20U 96J 31 2'3000 
DI-N-Bur¥L PHrHALATE 50 200 U 10 U 1 J 20U ZOO U 20 U 2(1000 U 
FLUoRAHTHENE sa 5' J 17 10 U 20U 200 13 83000 
PYREHE 50 .. 1 J 12 10 U 20U 166 J 11 "DUO BUrYL BENZ¥L PHTHALArE SO ZOOU 10 U 10 U 20 U· ZOO U ZOU 20000 U 
3.3·-DICHLOROBENZrOINE 100 lOOU 20U 20 U lIIU 100 U .. 0 U "0000 U 
BEHZOCA)AHrHRACENE SO 200 U 9 J 10 U 20U 28 J IS J 13000 J 
BIS(2-ETH¥LHEXIo'L)PHTHRLRrE so ZOOU 10 U 10 20U ZOOU ZOU 20000 IJ 
CHRIo'SEHE SO 200 U B J 10 U 20U 2& J 13 J 1::100(1 J 
Ol-N-OCTYL PHTHALATE 50 U 200 U 10 U 10 U 20U 200 U ZOU 200110 U 
BENZOCB)FLUORIINTHENE 50 U 200 U 10 U 10 U 20U 200 U 10 J 8300 J 
BENZOCr.)FLUORIINrHENE SOU 200 U .. J 10 U 20U 200 U 20 U 20000 U 
BEHZDCA' ..... RENE 50 U 200 U 10 U 10 U 20U 200 U , J 20000 U 
INOEHOC1.2.3-CD)PIo'RENE SOU 200 U 10 U 10 U 20U 200 U 20 U 200fIIJ U 
018EH20CAH)AHTHRACENE SOU 200 U 10 U 10 U 20U 200U 20 U 20000 U 
BENZOCGHI)PER¥LENE SOU 200 U 10 U 10 U 20U 200 U 20 U 20000 II 
========-- --=====================================================================--=========================== 

NOrES • CU) Undetected; (J) p,.es_t bel_ detection lillil; 0lIl) Hol ..... 1\jZM; (V) Valid; (I) I n"ali d; 
CM.I) Hal .,.1& del_. (0) 0-1.,._. CS~ Shell_. CD) 0..,.. 
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SOUTH ClWALCADE SITE - GROUNDWATER AIII1L'r'nCAL RESULTS 

5."111. N .... _ "WI1-002 "Wli-OOI "Wli-002 "W2'-001 "'01-001 PO 1-002 P02-001 P02-00:= 
-----------------------------------------------------._-----------------------------~-------------------------------------------Zone S 5 5 5 S 5 5 5 
-----------------------------------------.. ----------------------------------------------------------------------------------------
SE"r~OLArrLE ORGANICS 

("9/ 1) 

-------------------------------------------------------------,-----------------------------------
V.lidetao" Stet ... I Q II ~ II " " 0 ... 
. --------. ---------~-------------------------------------- ----------------------------------
PIIEHOL 1500 20 20U 10 U 10 20 200 U 10 U 
IrS(2-CHLOROETHYL)ETNER 100 U 20 20 U 10 U 10 20 200 U 10 U 
2-CHLOROPHEIIIlL 800 U 20 20U 10 U 10 ZO 200 U 10 U 
1.3-DICHLOROBENZENE 800 U 20 ZOU 10 U 10 20 200 U 10 U 
I. 1-01 CHLOROIENZEHE 800 U 20 20 10 U 10 ZO 200 U 10 U 
IENZ.", ALCOHOL 100 U 20 ZO 10 U 10 ZO 200 U 10 U 
1. 2-01 CHLOROBENZENE BOO U 20 ZO 10 U 10 20 200U 10 U 
2-"ETHYLPHEHOL 5100 20 20 10 U 10 20 200 U lU U 
BIS(2-CHLORDISOPROPYL)ETHER 800 U 20 20 10 U 10 ZO 200 10 U 
1-"ETHYLPHEItCII. 11000 20 ZO 10 U 10 20 200 10 U 
N-NITROSODIPROPYLRnINE IDa U 20 20 10 U 10 zo 200 10 U 
HEXACHLOROETHANE 800 U 20 20 10 U lU 20 ZOO 10 II 
NITROBENlENE 800 U 20 20 10 U 10 zo ZOO 10 U 
ISOPHORONE 100 U 20 ZO 10 U 1 J 20 ZOO 10 U 
Z-NITROPHEIIOL 800 zo ZO 10 10 ZO 200 10 U 
Z.1-DInETHYLPHENOL 1800 ZO ZO 10 10 20 zoo 10 U 
BENZOIC ACIO 1000 100 100 SO so IOD 1000 SO U 
BISC2-CHLOROETHQKY)NETHRNE BOD 20 ZO U 10 10 20 ZOO 10 U 
2.1-0ICHLORDPHENDL 800 20 20 10 10 20 20a 10 U 
1. 2. 1-TRICHLOR08ENZENE 100 20 zo 10 10 zo ZOO 10 U 
NAPHrHRLENE 7000D 20 zo 10 10 20 &lOD 5200 
1-CHLORDANI UN[ 80D 20 zo 10 10 20 200 lU 1I 
HEXACHLOROBUTRDIENE 800 20 zo 10 10 zo zoo 10 U 
P-CHLORO-"-CRESOL 800 20 20 10 10 20 zoo 10 U 
2-"ETH¥LNAPHTNRLENE 8'900 20 ZO 10 10 zo .. 00 10 U 
HEXACHLOROCYCLOPENTRDIENE 800 20 zo 10 10 zo 200 10 IJ 
2.1.i-rRICHLOROPHEHOL 800 zo zo 10 10 zo 200 10 II 
2.1.5-TRICHLDRDPHENOL 1000 100 100 SOU so 100 1000 SOU 
Z-CHLORONAPHTHRLENE 80D zo zo lOU 10 zo ZOO 10 U 
l-NI TRORHIUNE 1000 100 IOD sou so 100 1000 SO U 
or nETHYL PHTHllUTE 8DO ZD zo 10 U 10 ZOU ZOO 10 U 
ACENflPHrHVLENE 310 J zo zo 10 U 10 zo 17 J 7.1 
'-NrTROANILIIIE lODO U 100 lDO SOU so 100 1000 U 10 U 
flCENAPHTHENE 8"100 20 20 ZOU 10 zo 1200 1'JO 
2.1-DINITROPHENOL lODO U IOD lDO SOU so 100 1000 U SOU 
"-NITROPHEHOL 1000 U 100 100 SOU so IOD 1000 U SO U 
DIBENZOFURAN 5700 20 20 10 U 10 zo IZO lOU 
Z.1-DINITROrDLUENE IOCIU 20 zo 10 10 zo ZOO U 10 U .......... 
2.i-DINrTROTDLUENE lOCI U zo zo 10 10 zo zoo U 10 U 
OIETHYl PHTHflLflTE 800 U 20 zo 10 10 zo zoa U 10 U 
1-CHLOROPHENYL PIIEHYL ETHER 800U 20 20 10 10 ZO 200 U 10 U 
FLUORENE "DO zo 20 10 10 20 110 160 
1-HITRDANILINE 1000 U 100 lDO SO so 100 10DO U sou 
1.i-OIHITRO-Z-NETHYLPMEMDL 1000 U 100 100 SO so 100 1000 U SOU 
N-HITRQSOOIPHENVLAnINE 800 U zo zo 10 10 zo 200 U 10 U 
1-BRO"OPHENYL PHENYL ETHER BOD U 20 zo 10 10 ZO 200 U lU U 
HEXACHLOROIENZENE 100U 20 20 10 10 zo 200 U 10 U 
PENTACHLOROPHENOL 1ODO U lDO U 100 SO so 100 1000 U SO U 
PHE",,"rHRENE 18000 20U zo 10 10 zo "0 '10 
flNTHRACENE 2'00 ZOU zo 10 10 20 110 J 33 
Dr-N-BIJTYL PHTHRLfITE aoo U ZO U ZO 10 10 20 200 U 10 U 
FLUORflNTHENE i_ 20 U zo 10 10 zo 130 J 31 
PIIRENE 1300 ZO U zo 10 10 20 110 J 20 
BUTYL IENZYL PHTHfILATE 800U ZOU 13 10 10 20 ZOO U 10 U 
~.'·-OICHLDROBENZlDlNE liDO U lOU 10 20 zo 10 100 U 20U 
BEHZDCA)ANTHRRCENE 1200 20 U 20 10 10 zo 200 U 3 J 
BrS(Z-ETHYLHEXYLJPHTHflLRTE aoo U ZOU 20 15 19 zo 200 U , J 
CHRVSENE 1100 zo U 20 U 10 10 ZOU 200 U , .1 
or-H-OCT'r'L PHrHALArE 800 U ZO U 20U 75 10 ZO U zoo U 10 U 
BEN20CB)FLUORANrHENE 'SO ZOU ZO U 10 10 ZO U 200 U 10 U 
BENZD(~)FLUORRHrHENE BOD U 20U ZO U 10 10 ZOU ZOO U 10 U 
IIENZOCA) ..... RENE 180 J lO U 20 U 10 U 10 ZO U zoo U 10 II 
INOENO(I.2.l-CO)P¥REN[ 800 U 20 U ZOU 10 U 10 ZOU ZOO U 10 IJ 
OrBEN20(AH)RNrHRfICENE 100 U ZO U 20 U 10 U 10 20 U 200 U 10 U 
aENZO(GHl~PERYLENE BOO U 20 U 20 U 10 U 10 20U ZOO U 10 U 
===================-_== __ ================ __ aa_===================--================--====== 

NOTES : (0) Undet.c:t. ... ; (.r~ ....... nto b.l_ d.t..:t.i_ U"it; CNR) Not. "-1 lIZ ... ; ell) .... lid; a) I_elid; 
CNII) Not. v.lid.tect. (D) a_uti ... ; es) 5h.n __ CD) .,..,.. 
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SOUTH CR~CRDE SITE - GROUNDWATER RNALVTICAL RESULTS 

Sanpl. N .... b_ POl-DOl 1'03-002 1'01-001 1'01-002 POS-OUI '05-002 aWOl-DOl OWOI-00~ 

-----------------------------------------------------------------------------------------------------------------------------------
Zone S 5 5 S S S 5 5 
-----------------------------------------------------------------------------------------------------------------------------------
SEnIVOLATILE ORGANICS 

t",,1) 

-----------------------------------------------------------------------------------------------------------------------------------
~alidation SLaL". I a a v v a v ~ Q 

-----------------------------------------------------------------------------------------------------------------------------------
PHENOL 10000 SOD U 10 U 20 U 100 U 20 U 35 J 35 J 
BISC2-CHLOROETH¥L)ETHER 10000 SOD U 10 U 20 U 100 U 20U lOU 100 U 
2-CNLOROPHENOL 10000 500 U 10 U 20 U 100 U 20U 10 U 100 U 
l,l-0ICHLOROBEN2ENE 10000 SUO U 10 U 20 U 100 U 20 U 10 U 100 U 
1,1-0ICHLOROBENZENE 10000 500 10 U 20 U 100 U 20 lOU IOU U 
BEN2YL ALCOHOL 10000 SOD 10 U 20 U 100 U 20 10 U 100 U 
1,2-0ICHLOROBENZENE 10000 500 10 U 20 U 100 U 20 lOU 100 U 
2-nETHYLpHENOL 10000 500 10 U 20 U 100 U 20 10 U 100 II 
BIS(2-CHLOROISOPROPYL)ETHER 10000 500 10 U 20 U 100 20 lOU 100 U 
1-nETHYLPHENOL 10000 500 10 U 20 U 100 20 lOU 100 U 
N-NITROSOOIpROPYLRnINE 10000 SOD 10 U 20 U 100 20 10 U 100 U 
HEXACHLOROETHANE 10000 500 10 U 20 U 100 20 10 U 100 II 
NITROBENZENE 10000 U 500 10 U 20 U 100 20 10 U 100 U 
ISOPHORONE 10000 U 500 10 U 20 U 100 20 10 U 100 U 
2-NITROPHEHOL 10000 U 500 10 U 20 U 100 20 lOU 100 U 
2,1-0InETHYLPHEHOL 10000 U 500 10 U 20 U 100 20 lOU 100 U 
BENZOIC ACID 50000 U 2500 SD U 100 U 2000 100 200 U 500 U 
BISCZ-CHLOROETHOMY)nETHRNE 10000 U 500 ID U 20 U 100 20 lOU 100 U 
2,1-0ICHLOROI'HENOL 10000 U SOD 10 U 20 U 100 20 lOU 100 U 
1,2,1-TRICNLDROBENZENE 10000 U !DO 10 U 20 U 100 20 10 U 100 U 
NAPHTHALENE 110000 lSOOO 10 U 20 U 2100 20 IIJ 10 .J 
1-CHLOROAHILlNE 10000 U SOD 10 U 20 U 100 20 lOU 100 U 
HEXACHLOROBUTRDIENE 10000 U 500 10 U 20 100 20 lOU 100 U 
P-CHLORO-n-CRE5DL 10000 U 500 10 U 20 100 20 10 U 100 U 
2-nETHYLNAPHTHALENE 19000 500 10 U 20 ZZOJ 20 1 J 100 U 
HEXACNLOROCYCLDPENTADIENE 10000 500 10 U 20 lOOU 20 lOU 100 U 
2,1,6-TRICNLOROPHENOL 10000 !DO 10 U 20 100 U 20U lOU 100 U 
2,1,S-TRICHLOROPHENOL SODOO 2500 SOU 100 2000 U 100 U 200 U 500 U 
2-CNLORONAPHTNftLENE 10000 500 10 U 20 lOOU 20 U 10 U 100 U 
2-NIrROANIUNE 50000 2!00 SOU 100 2000 U 100 U 200 U 500 U 
DlnETHYL pHTHALRrE 10000 500 10 U 20 100 U 20U 10 U 100 U 
ACENAPHTHYLENE 10000 500 10 U 20 lOOU 20U , J 'J 
3-NITROANI LI NE 50000 2SOD SOU 100 2000 U 100 U 200 U !DO U 
ACENApHTHENE 2&Il00 1100 IOU 20 100 20U B J 100 U 
Z,1-0INITROPHENDL SOOOD 2SOO sau 100 2000 U 100 U 200 U 500 U 
1-NIrROI'HENOL 50000 2500 sau 100 2000 U 100 U 200 U 500 U 
DIBENZOFURAH 18000 500 10 U 20 230 J 20U lOU 100 U 
2,1-0INITROTOLUENE 10000 !DO 10 U 20 100 U 20U lOU 100 U 
2,6-DINITROTOLUENE 10000 SOD 10 U 20 100 U 20U lOU 100 U 
DI ETHYL PHTHALATE 10000 SOD 10 U 20 i'OJ 20U lOU 100 U 
1-tHLOIOPHENYL PHENYL ETHER 10000 500 10 U 20 100 U 20U lOU 100 U 
FLUORENE 1'.1000 730 10 U 20 ISO J 20 U I2J 100 U 
1-NITROAHIUNE 50000 2500 SO U 100 2000 U 100 U ZOO U 500 " 
1,'-DI"ITRD-2-NE~ 50000 2500 SO U 100 2000 U 100 U 200 U 500 U 
N-NITROSOOIPHENYLAftlNE 10000 SOD 10 U ZO 100 U 20 U 10 U 100 U 
1-BROnOpHENYL PHENYL ETIlER 10000 500 10 U 20 lOOU 20 U lOU 100 U 
HEXACHLOROBENZENE 10000 500 10 U 20 100 U 20U lOU 100 U 
PENTACHLOROPHENOL 50000 2500 SO U 100 2000 U 100 U 200 U 500 U 
PHENANTHRENE 58000 2200 10 U 20 370.J 20 U 63 2' J 
ANTHRACENE B300 J 310 J 10 U 20 31 J 20 U 35 J IB J 
DI-N-BUTYL PHTHRLATE 10000 U 500 U 10 U 20 100 U 20 U lOU 100 U 
FLUORANTHENE 26000 ISO 10 U 20 61J 20 U 52 25 J 
PYRENE 1'.1000 '30 10 U 20 11 J 20 U 10 35 J 
BUTYL BENZYL PHTHALATE 10000 U 500U IOU 20 100 U 20 U lOU 100 U 
3,3'-oICHLOROBENZlDlNE ZOOOO U 1000 U ZOU 10 BOO U 1UU 8DU 200 U 
IEN20(A)AHrHRACEHE 5000 J 110 J 10 U 20 100 U ZOU 12 31 J 
IISC2-ETHYLHEXYL)PHTHRLRTE 10000 U 500 U 10 U 20 100 U 20U 10 U 100 U 
CHRYSENE 1'.100 J 170 J IOU 20 100 U 20U 12 10 J 
OI-N-OCTYL PHTHALATE 10000 U SOD U IOU 20 100 U 20 U lOU 100 U 
BENZO (B) FLUORANTHEHE 2200 J ISO J IOU 20 100 U 20U 35 J IiZJ 
BENZO(K)FLUOIANTHENE 2'00 J 500 U IOU 20 100 U 20 U 1& 100 II 
BENZO (A) PYRENE 2'00 J SOD U 10 U ZO 100 U 20U 38 J 100 1.1 
INDENO(!,2,l-CO)PVRENE 10000 U 500 U 10 U 20 100 U 20U 35 J 27 J 
0IBEN20(AH)ANTHRACENE 10000 U 500 U 10 U ZO 100 U 20 U 10 U 100 U 
BENZO(GHI)pERYLENE 10000 U SOD U 10 U 20 100 U ZOU 32J 35 J 
====================--==================-=-=====================================================--======--==--=========================== 

NOTES I CU) Unclotocted: tJ) Pre.ant ~IOM dotactaon li"it: (HA) MoL A ... I,.zed; CV) villid; a) In"a1id; 
CNII) Nat ~.lidIlLed; (II) Ouali "ad, (S) Shall .... ; to) O_p_ 
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SOUTH CAVALCADE SITE - GROUNDIIATER ANALYTICAL RESULTS 

01102-001 01102-002 OIlOi-OOI 01l0i-002 01101'-001 01101'-002 OIlOB-OOl OIlOB-OO~ 

-----------------------------------------------------------------------------------------------------------------------------.-. 
Zone S S o o S S S 
----------------------------------------------------------------------------------------------------------------------------.------
SEnIVOLATILE ORGANICS 

~u9""U . ----------------------------------------------------------------------------------------------
PHENOL 
BISC2-CHLOROETHYLlETHER 
2-CHLOROPHENDL 
1.3-0ICHLOROBENZENE 
1.1-DICHLOROBENZENE 
BENZYL ALCOHOL 
I, 2-01 CHLOROBENZENE 
2-nETHYLPHENDL 
BIS(2-CHLOROISOPRDPYL)ETHER 
1-nETHYLPHENOL 
N-NITROSODIPROPYLAnINE 
HEXACHLDROETHANE 
NITROBENZENE 
ISDPHORONE 
Z-NITROPHENOL 
2.1-DlnETHYLPHEHDL 
BENZOIC ACID 
IISC2-CHLORDETHQM¥)NETHRNE 
2.1-DICHLOROPHENOL 
1.2,1-TRICHLDROIENZENE 
NAPHTHALENE 
1-CHLORORNIUIIE 
HEXACHLOROIUTftDlENE 
P-CHLDRO-N-CRESOL 
2-NETHYLNHPHTHALEIIE 
HEXIICHLDRDCYCLDI'EJITIIDIENE 
2,1,i-TRICHLDRDPHENOL 
2.1.5-TRICHLDRDPHENOL 
2-CHLDRDNRPHTHRLENE 
2-NITROANILINE 
DINETHYL PHTHALATE 
ACENAPHTHYLENE 
3-HITROANILINE 
ACENAPHTHENE 
Z.1-DINITROPHENDL 
1-NITROPHENOL 
DIIENZOFURAN 
2,1-DINITRDTDLUEHE 
2.i-0INITROTOLUEHE 
DIETHYL PHTHALATE 
1-CHLOROPHEHYL PHEJM. ETHER 
FLUORENE 
1-NI TROAHI LINE 
~.i-DINITRO-2-ftETHYLPHEHDL 

N-NITROSDDIPHENYLRNIHE 
1-BRIINOPHENYL PHEIM. ETHER 
HEXRCHLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-N-IUTYL PHTHALATE 
FLUORANTHENE 
PYRENE 
IUTYL BENZYL PHTHALATE 
3,3'-DICHLDROIENZIDINE 
IENZO(AlANTHRACEHE 
IrS(2-ETHYLHEXYL)PHTHALRTE 
CHRY'SENE 
O[-N-OCTYL PHTHALArE 
BENZO~BlFLUORAHTHEHE 

IEN20CKlFLUORAHTHENE 
BENZOCA'PYRENE 
INDENOC1.2.3-CDlPYRENE 
DI IEN20CAH) ANTHRRCENE 
IEN20CGHI)PERYLENE 

Q 

1000 U 
1000 U 
1000 U 
1000 U 
1000 U 
1000 U 
1000 U 
B70 J 

1000 U 
9'JO J 

1000 U 
1000 U 
1000 U 
1000 U 
1000 U 
"1500 
5000 U 
1000 U 
1000 U 
1000 U 

20000 
1000 U 
1000 U 
1000 U 
1200 
1000 U 
1000 U 
5DDD U 
1000 U 
500D U 
100D U 
1000 U 
SOOD U 

??O J 
SOOD U 
5000 U 
150 J 

1000 U 
1000 U 
10DO U 
1000 U 
3S0J 

SDOD U 
5000 U 
lDOO U 
100D U 
1000 U 
500D U 

330 J 
1000 U 
10DO U 
1000 U 
1000 U 
1000 U 
2000 U 
1000 U 
1000 U 
1000 U 
100D U 
1000 U 
1000 U 
1000 U 
1000 U 
1000 U 
1000 U 

D 

132 J 
500 U 
500 U 
500 U 
500 U 
500 U 
500 U 
130 J 
11100 U 
3':10 J 
500 U 
500 U 
500 
500 
500 
11100 

III?DO 
500 
500 
SOD 

1300D 
!IOD 
500 
!IOD 
&DO 
SOD 
SOD 

2500 
SOD 

2500 
SOD 
500 

2SOD 
10':1 J 

2SOD U 
ZSOD U 

231 J 
500U 
500 U 
500 U 
500 U 
195 J 

2SOO U 
2500 U 

SOD U 
500 U 
SOD U 

2500 U 
18':1 J 
500 
500 
500 
SOD 
500 

1000 
SOD 
SOO 
500 
500 
500 
500 
5DO 
500 U 
500 U 
500 U 

II 

ID U 
ID U 
10 II 
10 U 
10 U 
10 U 
10 U 
10 U 
ID U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
ID U 
SO U 
10 U 
10 U 
10 U 
ID U 
ID U 
10 U 
? J 

IOU 
ID U 
IOU 
SOU 
10 U 
SOU 
ID U 
10 U 
SOU 
10 U 
SOU 
SOU 
10 
10 
10 
ID 
ID 
ID 
SO 
5D 
10 
ID 
10 
5D 
ID 
10 
ID U 
10 U 
ID U 
10 U 
2D U 
ID U 
ID U 
10 U 
ID U 
10 U 
10 U 
10 U 
10 U 
ID U 
10 U 

D 

2D U 
20 U 
20 U 
2011 
20 U 
20 U 
20 U 
lOU 
2D U 
20 U 
20 U 
20 U 
20U 
2D U 
2QU 
20U 

100 U 
20U 
20U 
20U 

1 J 
20 
20 
20 
20 
20 
20 

laD 
20 

100 
20 
20 

100 
20 

100 
100 
2D 
2D 
20 
20 
20 
2D 

100 
IDD 
20 
20 
2D 

lDO 
20 
2D 
20 
20 
20 
20 
10 
20 
2D 
20U 
20 U 
20U 
20 U 
20 U 
20U 
20 U 
20U 

IOU 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 
10 
10 
ID 
ID 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10· 
10 
50 
10 
50 
10 
10 
50 
ID 
SO 
SO 
10 
ID 
10 
10 
ID 
10 
SO 
SO 
ID 
ID 
10 
SO 
ID 
10 
10 
10 
10 U 
10 
20 
ID 
10 
10 
10 
10 
10 
10 
ID 
10 
10 

II 

50 U 
50 U 
SO U 
50 U 
SOU 
SOU 
50 U 
SO 
50 
50 
50 
so 
50 
50 
50 
50 

250 
50 
50 
50 
50 
SO 
50 
SO 
SO 
SOU 
SO 

25D 
50 

250 
SO 
50 

250 
SO 

Z5II 
250 

SO 
SO 
SO 
50 
50 
50 

Z50 
250 
50 
50 
50 

Z5II 
50 
SO 
50 
SO 
50 U 
50 U 

100 U 
50 U 
50 U 
SOU 
50 U 
50 U 
50 U 
50 U 
SO U 
So U 
50 U 

II 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
ID 
ID 
10 
10 
50 
10 
10 
ID 

I J 
10 U 
10 U 
10 U 
ID U 
ID U 
10 
50 
10 
50 
10 
ID 
50 
10 
50 
50 
ID 
ID 
10 
10 
10 
10 
50 
50 U 
10 
ID 
10 
50 
ID 
ID 
10 
ID 
ID 
10 
20 
10 
1 

10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 

" 
20 U 
20 U 
20 U 
20 U 
lOU 
20 U 
20 U 
20 U 
20 U 
20 U 
20 U 
2011 
20 U 
20 U 
20 U 
20 U 

IDa U 
2QU 
ZO U 
20 U 
20 U 
20 U 
20 U 
20 U 
20 U 
2D U 
20 U 

100 U 
2QU 

100 U 
2D U 
2QU 

100 U 
2QU 

100 U 
100 U 
2QU 
20 U 
20U 
lOU 
20U 
20 U 

100 U 
100 U 
20U 
20 U 
20 U 

10D U 
20U 
2QU 
20U 
ZD U 
20U 
2D U 
lOU 
20U 
20 U 
lOU 
20 U 
20 U 
20 II 
20 U 
lOU 
20 U 
20 U 

=================-=-=======-=-=-=-:==================================--=================================================================== NOTES , CUl una.t.ct~; (J) Pr.s~t belOM d.t.ctioft li~tr CHA) Hot Aft~~z.dl ell' V.lid; el' l~.lid; 
CHII' Hot v.l.~t~1 CD) Ou.1i'i~; (5) Sh.llOM; CD' a..p. 
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SOUTH CAVRLCRDE SITE - GROUNDWATER RNRLVTICRL RESULTS 

S ... ple Nu .. b_ 01101-001 OWD'9-002 OWIO-OOI OW10-D02 01111-001 OIlU-OOZ 011 t:lI-UO I UIII3-00;' 
-----------------------------------------------------------------------------------------------------------------------------------
Zone S S S 5 S S S $ 
----------------------------------------------------------------------------------------------------------------------------------
SE"IVOLRTILE ORGANICS 

(u",.'ll 

------------------------------------------------------------------------------------------------------------------------------------
V.l.da~on Status I V V a V,a a a a a,v 
--------------------------~-----------------------------------------------------------------------------------

PHENOL 10 U 10 U 1DDO U 3? 500DOO U 1000 U 10 U 1I11J 
BISCZ-CHLOROETHYLlETHER 10 U 10 U 1000 U 10 U 500DDO U 1000 U 10 U 10 U 
2-CHLOROPHENOL 10 U 10 U 1000 U 10 U 500000 U IODO U 10 U lU II 
1.3-0ICHLOROBENZENE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 U 10 U 
1.1-DICHLOROBEHZENE IOU 10 U 1000 U 10 U 500000 U 1000 U 10 U 10 U 
BENZYL RLCOHOL 10 U IOU 1000 U 10 U 500000 U 1000 U 10 U 10 II 
1.2-DICHLOROBENZENE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 U 10 II 
2-IIETHYLPHEHOL 10 U 10 U 20110 J :UO 50UOOO U 1000 U 10 U 10 1I 
BISC2-CHLOROJSOPROPYL'ETHER 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 U 10 \I 
1-"ETH'r'LPHENOL 10 U 10 U 1100 .I 110 500000 U 1000 U 10 U 10 II 
N-NrrROSOOIPROPYLAnINE 10 U 10 U 1000 U 10 U 500DDO U 1000 U 10 U III 1I 
HEXRCHLOP.OETHANE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 U II' II 
NITROBENZENE 10 U 10 U 1000 U 10 U 5Oaooo U 1000 U 10 U 10 U 
ISOPHORONE 10 U 10 U 1000 U 10 U 500000 1000 U 10 U 10 U 
2-NITIOPHEIIOL 10 U 10 U 1000 U 10 U 500000 1000 U 10 U 10 U 
2.1-DI"ETH¥LPHENOL 10 U 10 U 2?OO J 270 500000 1000 U. 10 U 10 II 
BENZOIC ACID 50 U 50U 20000 50 U 2500000 5000 U 50 U SO U 
BIS(2-CHLOROETHOK¥?ftET",,"E 10 U 10 U 10lIO 10 U 500000 1000 U 10 U 10 " 
2. 1-01 CHLOROPHEHOL 10 U 10 U 1000 10 500000 1000 U 10 U 10 \I 
1.~.1-TRICHLOROIENZENE 10 U 10 U 1000 10 500000 1000 U 10 U 10 U 
NRPHTHALENE 10 U 10 U r.r.ooo 1100 7lDDODO 19000 10 U 11'1 ~I 

1-CHLORORNILIHE 10 U 10 U 1000 10 500000 1000 U 10 U 10 U 
HEXACHLOROBUTIIDIENE 10 U 10 U 1000 10 500000 1000 U 10 U 10 IJ 
P-CHLORO-"-CRESOL IOU 10 U 1000 10 500000 1000 U 10 10 II 
2-"ETHYLNAPHTHRLENE 10 10 U r.soo 100 1300000 !IOOO J 10 11'1 U 
HExRCHLOROCYCLOPEHrRDIENE 10 10 U 1000 10 5OIIDOO 1000 U 10 10 U 
2. 1. r.-TRI CHLOROPHENOL 10 10 U 1000 10 50Il0II0 1000 U 10 10 U 
2.1. 5-TRI CHLOROPHENOL 50 50 20000 50 2SOOOOO 5000 U 50 50 U 
2-CHLORDHRPHTHRLENE 10 10 1000 10 500000 1000 U 10 10 U 
2-HITROANILIHE so 50 20000 50 2500000 5000 U so 50 \I 
DI"ETHYL PHTHIILRTE 10 10 1IJOO 10 SOOOOO 1000 U 10 10 " 
RCENRPHTHYLENE 10 10 2'JD J 15 50000 J 1000 U 10 10 II 

'-NITRORNILllIE so 50 20000 50 25000D0 5000 U 50 50 U 
RCENRPHTHEHE 10 10 6100 230 2r.ooooo 1200 10 10 U 
2.1-DINITROPHEHOL 50 50 200DD 50 2500000 5ODO U 50 50 U 
1-NITROPHEIIOL 50 so 20000 50 2S00OOO 500D U 50 U 50 U 
DIBENZOFURRN 10 10 1i'DD 160 1300000 1000 U 10 10 " 
2.1-0JNITROTOLUEIIE 10 10 1000 10 U 500000 1000 U 10 10 II 
2.r.-OINITROTDLUEHE 10 10 1000 10 U 500000 1000 U 10 10 U 
DIETHYL PHTHALATE 10 1 100D 10 U 5ODOOO 1000 U 10 10 U 
1-CHLOROPHEHYL PHEIM. ETHER 10 IOU 1000 10 U 5I10000 1000 U 10 10 U 
FLUORENE 10 10 U 1100 160 1800000 r.80 J 10 10 U 
1-HITRORNILIIIE 50 50 U 20000 SOU ·2500000 SOOO U 50 SO U 
1.r.-DINITRO-Z-ftETHrLPHENOL sa 50 U 20000 SOU 2500000 5000 U 50 50 U 
N-NITROSODIPHEHYLAnINE 10 10 U 1000 10 U 5D0000 1000 U 10 10 U 
1-8RO"OPHENYL PHEH¥L ETHER 10 10 U 1000 10 U 500000 1000 U 10 10 U 
HEXRCHLOR08ENZENE 10 10 U 10lIO 10 U SOOOOO 1000 U IU 10 U 
PENTACHLOROPHENOL 50 SOU 20000 50 U 2500000 5000 U 50 50 IJ 
PHENANTHRENE 10 10 U 12000 220 1'900000 liOO 10 10 IJ 
ANTHRRCENE 10 10 U 1700 J 23 550000 280 J 10 U 10 1.1 
DI-H-BUTVL PHTHRLIITE 10 10 U 1ODO U 10 U 500000 U 1000 U 10 10 U 
FLUORRNTHENE 10 10 U 13110 ,B 2r.00000 800 J 10 10 " 
PYRENE 10 U 10 U "00 J '1 1'100000 "0 J 10 10 U 
BUTYL BENZYL PNTHALRTE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 10 U 
3.3·-OICHLORDBEHZIDIHE 20U 20U 1000 U 20 U 1000000 U 2000 U 20 20 U 
BENZOCR)RNTHRIICEHE 10 U 10 U 67D .I ? .I SODDDO 1000 U 10 10 1I 
BISC2-ETHYLHEXYl)PHTHRLIITE 2 J 10 U 1000 U 10 U SOOOOO U 1000 U 10 10 U 
CHRV5ENE 10 U 10 U r.zo .I • J 120000 J 1000 U 10 10 U 
DI-N-ocrVL PHTHRLllTE 10 U 10 U 1000 U 10 U 500000 U 1000 IJ 10 10 U 
BENZO(8)FLUORIINTHEHE 10 U 10 U 1000 U 5 .I 5DOOOO U 1000 U 10 10 U 
BENZO(~)FLUORRNTHENE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 10 U 
BENZOCRlPYRENE 10 U 10 U 1000 U , J 170000 J 1000 IJ 10 10 1I 
I HOENOC1.Z.'-CDlPYREHE 10 U 10 U 1ODO U 10 U 500000 U 1000 U 10 10 U 
OJ8ENZOCRH1ANTHRRCEHE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 10 " 
BENZOCGHI)PERYLENE 10 U 10 U 1000 U 10 U 500000 U 1000 U 10 10 U 
============-========--====--==========================================--=======--==============--============================--========== 

NOTES : eu) Undotected: C.lJ Present bolOM detection li",t: CHII, Not Rnel.,zM; eV) V.Ud; ell I_elad; 
eHV) Not velidetoG: CO) au.lifhd; CS) Shell 0 .. ; CD) o..p. 
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SOUTH CAVALCADE SITE - GROUNDWATER ANALYTICAL RESULTS

o

DlI0Z-DOZ

o

DWOZ-OOI

5

OWl"-OO:!

S

OW 1"-001
---------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------
SE"IUOLAT1LE ORGANICS

(u9'U

------------------_...---...-----------------------------------------------------------------..._---------------------------------------Validalion Status. a U U U
------------------------------------~---------------------------------------------------------- ----------
PHENOL 1000 U 50 U 10 U 10 U
B1S(Z-CHLOROETHYL)ETHER 1000 U 50 U 10 U 10 U
Z-CHLOROPHENOL 1000 U 50 U 10 U 10 U
1.'-DICHLDROSENZENE 1000 U 50 U 10 U 10 U
1."-OICHLOROOENZENE 1000 U 50 U 10 U 10 U
BENZYL ALCOHOL 1000 U 50 10 U 10 U
1.Z-DICHLOROBENZENE 1000 U 50 10 U 10
Z-"ETHYLPHENOL 1000 U 50 10 U 10
BISCZ-CHLOROISDPROPYL>ETHER 1000 U 50 10 U 10
"-"ETHYLPHEHOL 1000 U 50 10 U 10
N-NITROSOOIPROPYLllnINE 1000 U 50 10 10
HEXACHLOROETHANE 1000 U 50 10 10
NITROBENZENE 1000 U 50 10 10
ISOPHORONE 1000 U 50 10 10
Z-NITROrHENOL 1000 U 50 10 10
Z."-Dl"ETHYLPHENOL 1000 U so 10 10
BENZOIC ACID 5000 U ZSO so 50
BISCZ-CHLOROETHOXY)NETHRNE 1000 U 50 10 10
Z."-DICHLORDPHENOL 1000 U 50 10 10
1.Z...-TRICHLOROIENZENE 1000 U so 10 10
NAPHTHALENE 1200 2&00 10 10
"-CHLOROANILINE 1000 U so 10 10
HEXACHLOROBUTAOIENE 1000 U 50 10 10
P-CHLORO-"-CRESOL 1000 U 50 10 10
2-"ETHYLNAPHTHRLENE ,SO J 130 10 10
HEXACHLOROCYCLOPENrAOIENE 1000 U so 10 10
Z....6-TRICHLOROPHENOL 1000 U 50 10 10
2.".5-TR1 CHLOROPHENOL 5000 U 250 so so
2-CHLDRONAPHTHALENE 1000 U 50 10 10
Z-N1 TROANI LINE 5000 U Z50 50 U so
DlnETHYL PHTHALATE 1000 U 50 10 10
llCENflPHTHYLEHE 1000 U 2ZJ 10 10
:S-HITRDlIHILINE 5ODO U ZSO 50 so
llCENAPHTHENE 1000 110 10 10
Z."-DINITROPHENOL 5000 U Z50 50 50
"-NITROPHENOL 50DD U 250 so so
DIBENZOFURAN 600 J Z'O 10 10
Z."-OINITROTOLUENE 1000 U 50 10 10

J Z.6-0INITROTOLUENE 1000 U 50 10 10'.
.~ DIETHYL PHTHlILATE 1000 U so 10 10

1-CHLOROPHENYL PHEJM. ETHER 10DD U so 10 10
FLUORENE &10 oJ Z30 10 10 U
"-NITRDANILINE 5DOO U 250 50 U SOU
".6-01 NI TRO-2-ftETHYLPMENOL 5000 U 250 50 U 50 U
N-NITROSOOIPHENYLlInINE 1000 U 50 10 U 10 U
..-BRDnOPHENYL PHENYL ETHER 10DD U 50 10 U 10 U
HEXACHLOROBENZENE 10DD U 50 10 U 10 U
PENTACHLOROPHENOL !OOO U 250 sou 50 U
PHENANrHRENE &SO J lID 10 U IOU
ANTHRACENE 130 J 30 oJ 10 U 10 U
D1-H-BUTYL PHTHALATE 10DD U sou 10 U 10 U
FLUORANTHEHE "OJ 5Z 10 U 10 U
PYRENE 230 J 19 oJ 10 U 10 U
BUTYL BENZYL PHTHALATE 1000 U sou 10 U 10 U
:S.'·-OICHLOROIENZIOINE ZOOO U 100 U 2DU ZOU
BENZOCA)ANTHRACEHE 1000 U 50 U IOU 10 U
B1seZ-ETHYLHEXYL)PHTHlILATE 1000 U 50 U 10 U IOU
CHRYSENE 1000 U 50 U 10 U 10 U
OI-N-OCTYL PHTHALATE 10DD U 50 U 10 U 10 U
BENZOeB)FLUDRlINTHEHE 1000 U 50 U 10 U 10 U
BEN20e~)FLUORllNTHENE 1000 U sou 10 U 10 U
BENZOCA)PYRENE 1000 U 50 U 10 U 10 U
INOENoel.2.'-C0)PYRENE 10DD U 50 U 10 U 10 U
01 BENZOCAH)lINTHRlICENE 1000 U 50 U IOU 10 U
I£NlO(GNI)PERYLENE 1000 U SOU 10 U 10 U
===========-----========================.::====================--=============---=---====

NOTES : CU) U...t.cted; eJ) P.....nt b.l_ d.t.cti_ Het; (Nfl) Not .....1....,; C") "uid;
a) I__lid;

(NI') Not w_lid_t..; CD) a_Ufi...; (5) SNU_. eO) u-p.

000563



sourH I:llIoIflLCADE SUE - GROUNDIIIII ER flNHLVn CAL RESUL rs

s
"1101-(1(11

s

"110:'1-002

s

"110:0-001

5

"1lO2-00:!

5

"1102-001

5

"1101-002

5

1IN01-001
------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------
vaLRI1LE ORGANICS (U9/1) a a Cl v
--------------------------------------------------------------------------------------------------------------------------------.---

200 U
:;:00 U
200 1I
200 U
110
200 U
100 U
100 IJ
100 U
lao u
100 U
100 II
200 U
100 U
100 U
ZOO U
100 U
100 U
100 U
100 U
100 U
100 U
50 J

100 U
200 U
100 U
200 U
200 U
100 U
100 U
100 U
IOU U
100 U
100 U
100 U

10 U
25.3

1
5 U

100 U
15
10 U

7510
D.:: U

:!'J U
Nil
3&
11 IJ

5 U
10 U
&1

D.DS U
a.DS U
0.05 U
O.DS U
0.05 U
0.05 U
O.DS U
0.05 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 IJ
0.50 IJ
0.10 U
0.50 IJ

1.0 U
0.50 U
a.5n U
0.50 U
0.50 U
0.50 U

1.0 U
1.0 U

10 U
10 U
10 U
10 U
5 U

10 U
5 U
5 II
5 U
5 U
5 U
5 U

10 U
5 U
5 U

10 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U

10 U
5 U

10 U
10 U
5 U
5 U
5 U
5 U
5 U
5 U
5 U

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.50

1.0
0.50
0.50
0.50
0.50
0.50

1.0
1.0

I U
12.1

3 U
1 U

NIl
3i"
11 U

18500 ca)
0.2 UclD
52

100
17
18 uca)

5 U
In U
12

10 U
10 U
10 U
10 U
5 U

10 U
5
5
5
5
5
5

10
5
5

10
5
5
5
5
5
5
5
5

10
5

10
10
5
S
5
5
5
5
5

a
10 U
10 U
3 U
5 U

100 U
9 U

10 U
1120
0.2 U

'"Nfl
5 U

11U
5 U

10 U
20

0.05
o.os
0.05
0.05
0.05
D.DS
0.05
O.DS
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.50

1.0
0.50 U
0.50 U
O.SO U
O.!:O U
0.50 U

1.0 U
1.0 U

10 U
10 U
10 U
10 iJ
5 U

10 U
5 U
5 U
5 U
5 U
5 U
5 U

10 U
5 U
5

10
5
5
5
5
5
5

77
5

10
5

10
10
5
5

15
5

&5
&

110

"
0.05
0.05
D.DS
0.05
0.05
O.DS
a.DS
0.15
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10 U
0.50 U

1.0 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U

1.0 U
1.0 U

I U
82.5

11
1 U

NR
108

&1
131000 ca)

0.2 uca)
1&3
100
100
11 uca)

5 U
10 U

211

10 uca>
20.2

3 U
5 uca>

100 U
9 U

10 U
1810
0.2 U
12
Nil
I'll
11 uca)
5 uca)

10 U
3?

zoo U
200 U
ZOO U
200 U
100
200 U
100 U
100 U
100 U
100 U
100 U
100 U
200 U
100 U
100 U
20D U
100 U
100 U
100 U
100 U
IOD U
100 U
-,0

100 U
200 U
100 U
200 U
2110 U
1110 U
100 U
120
lDDU
1&0
1110 U
100,----,
"

O.DS U
0.05 U
O.DS U
0.05 U
0.05 U
0.05 U
O.OS U
O.DS U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.50 U
0.10 U
0.50 U

1.0 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U

1.0 U
1.0 U

,----- -----------_._---------I'

10 U
10 U
10 U
10 U
5 U

10 U
5 U
5 U
5 U
5 U
5 U
5 U

10 U
5 U
5 U

10 U
5 U
5
5
5
5
5

15
5

10
5

10
10
5
5

31
5

21
1

38

0.05
0.05
O.DS
0.05
0.05
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50 U
0.10 U
0.50 U

1.0 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U

1.0 U
1.0 U

I U
105

11
1 U

NR
1&0
107

111000 (a)
0.2 uca>
191

Nil
1&0
18 uca)

5 U
10 U

3160?

10 U
10 U
10 U
10 U

• 5 U
10 U
5 U
5 U
5
5
5
5

10
5
5

10
5
5
5
5
5
5
2 J
5 U

10 U
5 U

10 U
10 U
5 U
5 U
3 J
5 U
2 J
5 U
3 J

a

10 U
&1.?

3 U
5 U

100 U
'lI8
11

100000
D.:: U
125
Nfl

80.0
11U

5 U
10 U

19&

"
O.DS
O.DS
o.os
0.05
o.os
O.DS
O.DS
O.DS
0.10
0.10
0.10
0.10
0.10 U
0.10
0.10
0.10
0.50
0.10
0.50

1.0
0.50
0.50
0.50
0.50
0.50

1.0
1.0

:=========-:=====__ -==================--=-====s========-----================================---
INDRGRMICS CU9/I)--------------------------,

CHLIlIlll"ErHAIIE
IIDncnErHflNE
VINt'L CHLORIDE
CHLDmErHANE
"ETH\~ENE CHLORIDE
RCETOO
CRRBON DISULFIDE
I. I-OJ CHLllRlIErllEJlE
I. I-OJ CHLORaErHANE
rlflN5-1.:!-DICHLDRDETHENE
CIILDROFaRII
1.2-aJCHLOROETHANE
2-SUrRNGNE
1.1.1-TRICHLDRDErMANE
CARBON rErRACHLaRlDE
VINt'L RCErArE
IlanoolcHLORONErNAHE
1.:-OJ CIILOROPIlCI'ANE
rIRN5-1.3-DICHLORDPROPENE
TIl CHLORIlE:THEIIE
DIIRQNOCHLDRDnETMRNE
1.1.2-TRlCHLDRDETHRNE
BEN2ENE
CIS-l.3-DICHLDRDPROPENE
2-CHLDRDETIM.I'IN'" ETHER
8HONDFaR"
2-HElIIlIDNE
1-NETHYL-2-P£IITIIIDNE
rETIlRCHLOROETHENE
1.1.2.2-TETRRCHLDRDETHRNE
rOLUOlE
CIILDR08EJ1ZENE
ETHI'LlEHZEIIE
STI'IIEHE
rDTIlL lI¥LEHES-----
PEsrlCIDESIPCI (ugll)

IILPHfl-1HC
8ETIHlHC
DELrll-lHC
GIIIl"A-8HC CUNllllllE)
HEPTlICHLOR
IILDRIN
NEPrRCHUlR EI'DlCIDE
EllDDSULFIIN I
DIELDRIN
1.1·-OOE
EHORIN
ENDOSULFIIN n
1.1·-DDD
ENDRIN IILDEHI'IIE
ENDOSULFlIN SULFllTE
1.1·-ODr
"ErllOX'fCHLOR
EJt[lRIN KETONE
CHLORDANE
rOICRPHEME
RROCLaH-I01&
RROCLOR-12Z1
IIHDCLOR-1232
RROCLDR-1212
RROCLaR-1218
RROCLOH-1251
RROCLOR-12&O

SILliER
RRSENIC
IERYLLIU"
CRO"IUn
CI'ANIOE
CHRllIUU"
COPPER
IRON
"ERCURI'
MICI:EL
NITRRTE
LERO
RNTINONI'
SELENIU"
THALLIU"
ZIMC
======================================--===========================================--================--=============-==================

NorES : CU) Und.t.ct.d: cJ) P~.s.nt b.1DM ~t.ctian liNit; CNII) Not ~a1ya~; (I') V.lid, (I) 1~.lid

CN") Hot ~.lid.t.d; ca) Qu.lifi~; (5) Sh.llDMI CD) D..p.
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SOUTH C~RLCADE SITE - GROUNDWATER ANRL~TltlIL RESULTS

S....pl. "",,11_ "W01-002 "1105-001 "110&-001 l1li0&-002 1lII0~-001 "110;'-002 "1108-001
------------------------------------------------------------------------------------------------------------------------------------
Z.;,n. 5 S S S S S 5
-------------------------------------------------------------------------------------------------------------------------------------
VOLATILE ORGANICS (119..1) NA II II NA " NA I'---------- -------------------------------------------------------------------------------------------------------
CHLOROItETHANE 10 U 200 U 10000 U 10 1.1
IRD"O"ETHANE 10 U 200 U 10000 U 10 II
IIIIlYL CHLORIDE 10 u 200 U 10000 U 10 1I
CHLOROETIIfIIIE 10 U 200 U 10000 U 10 U
"ETHVLENE CHLORIDE 1 J 170 5000 U 5 1I
ACETONE 10 U 20..., U 5&00 J 10 U
CARlON DISULFIDE 5 U 100 U 5000 U 5 U
l,I-OICHLOROETHENE 10 U 100 U 5000 U 10 U
l,I-DICHLOROETNNNE 5 U 100 U sooa U 5 U
TRANS-l,2-DICHLOROETHEME $ U 100 U 5000 U

5 "CHLOROF'ORlt 5 U 100 U SOOO U 5 U
l,2-DICHLDROETHANE 5 U 100 U 5DOO U 5 IJ
2-IlUTANONE ID 200 U 10000 U 10 U
1, 1, I-TRICHLOROETHANE 5 100 U 5000 U 5 U
C(fJ:80N TErHCHLORlllE $ 100 U 5000 U 5 II
III N'o'L IlCErATE 10 200 U IDOOO U 10 U
IROnoDICHLDROftETHANE 5 100 U 5000 5 1.1
l,2-DICHLDROPRDPAHE $ 100 U 5000 5 II
TRANS-l,3-DICHLDRDPROPENE $ 100 U SODD 5 U
TillCHLDRDETHEIlE $ IDD U 5000 5 U
DIIRO"OCHLDRDNETHANE $ 100 U 5ODO 5 U
l,l,2-TRIC~ $ IDO U !lDDD 5 II
IENZENE 5 '30 SDDD 5 U
CIS-l,3-DICHLDROPROPENE $ 100 U SOOD 5 U
2-CHLDROErIM.1Il1M. ETHER 10 200 U l00DO ID 1I
IRDItOF'DRfl 5 lDD U 5DDD 5 U
2-HEllAIIONE 10 2DD U 10000 10 U
1-"ETHYL-2-PENT1lIDE 10 200 U 10000 lD U
TETRACHLDRDETHENE $ IDD U 50DD 5 II
l,l,2.2-TETRRCHLORDETHRNE $ IDD U SOOO $ II
TOLUENE $ '00 SDDO 5 U
CHLDROI£NZENE 5 100 U $ODD 5 U
ETIM.8EN2ENE 5 110 50DD $ U
STYRENE 5 IDD U 5DDO 5 IJ
TDTAL lft'LENES 5 680 5000 5 U

-------
PESTI ClDESJ'PCI e......1) " a II " " " a------ --------
ALPHA-IHC O.OS D.DOS U 2.SO·U D.25 D.OS O.GS U D.OOS U
IETFl-1HC D.DS D.DOS U 2.50 U D.2S D.OS O.GS U D.DDS U
DELTA-eHC D.DS D.DDS U 2.50 U D.2S D.OS 0.D5 U D.005 U
GA""A-IHC QJIIIlllIlE) D.OS 0.00$ U 2.SO J D.2S O.OS O.GS U 0.D05 U
HEPTRClLOR D.OS D.DOS us 2.SO U 0.25 D.D5 O.GS U D.ODS U

( ALDRIN D.OS D.ODS U 2.$D U D.25 D.D5 0.D5 U D.DD5 U
HEPTACHLDR EPOllIDE D.OS O.DDS U 2.SO U D.25 D.OS O.GS U D.DDS U
ENDDSllLFAN I O.DS D.DOS U 2.50 U 0.25 D.D$ O.DS U 0.DD5 U
DIELDRIN D.I0 0.010 U S.DD U D.50 D.ID O.lD U O.DlD U
1,1'-DO£ D.ID D.DlD U S.DO U 8.1 D.I0 0.10 U O.DlO U
ENDRIN D.lD D.OlO U $.DO U D.50 O.lD 0.10 U D.DI0 U
ENDOSllLFAIt n D.lD D.DI0 U S.DD U 0.5D O.lD 0.10 U 0.010 U
1,1'-000 0.10 D.OI0 U 5.00 U D.SD D.ID 0.10 U D.DIO U
ENDRIN ALDEHYDE D.lO D.OlO U S.DD U D.50 U O.lD 0.10 U D.DlO U
ENDOSULFAN SULFRTE D.I0 D.DI0 U S.DD U D.SO D.lO O.lD U O.OlU U
",1'-DDT D.lO D.DI0 U 5.00 U 0.50 0.10 0.10 U O.DID U
"ETHDllYCHLDR D.SD O.DSO U 25.DO U 2.5D D.SO 0.50 U 0.D50 U
EHORI N ICETDIIE D.ID D.OIO U S.DO U D.50 O.lD 0.10 U 0.010 U
CHLDROAHE D.50 D.D5D U 25.DD U 2.50 D.SO D.50 U O.DSO U
TDllAPHENE 1.D D.l00 U 5O.D U 5.D I.D 1.0 U D.IDO U
ARDCLDR-ID16 D.$O O.DSO U 25.DO U 2.50 D.50 0.50 U D.OSO U
AROCLDR-1221 D.SD D.050 U 25.DO U 2.5D D.SD 0.50 U D.050 U
ARDCLDR-1232 D.5D 0.D50 U 25.DO U 2.50 D.SO D.50 U D.D50 U
AROCLDR-1212 D.SO D.DSD U 25.00 U 2.50 D.50 0.50 U D.DSD U
ARDCLOR-1218 D.SD O.DSO U 25.DD U 2.50 D.50 D.50 U D.DS/J IJ
AROCLOR-1251 1.0 0.100 U 5D.0 U 5.0 1.0 1.D U 0.100 U
IIRDCLOR-126O 1.D D.loo U 50.0 U 5.0 1.D 1.0 U D.IUD U
=====-- ---======- -=========--=====--=====--================:
I NORGANICS elllJ"l) II II II II II V II
-------- ----- ---------------...---------------SILlIER NA 8 U so uea) 8 U ID U(D) NFl 8 U
ARSENIC 1O.D ID U(II) 33.1 80 21 55 31.& CD)
IER...LLIUIl NFl 1 U 15 U 3 U 3 U NR 1
CRD"IUM NA 5 U 25 u(a) 1 U & aD Nil ~ U
CYANIDE Nil lD U lDO U ItA 100 U Nil 10 U
CHRD"IUM 30 111 150 1& , U 30 185
COPPER NA 12 15 l31D 17 NA 30
IRON Nil 380DO 35600 l36DD CO) 5260 NA 790DD
MERCURY NA 0.2 U 0.2 U 0.2 uea) D.:: U NA 0.2 U
NICKEL 72 127 U 360 318 ltU 85 231
NITRATE NA 500 NFl IDD U NFl NA 200
LEIID 12 25.8 (0) 11' 5 U 31 27 35.1 ((I)

A"TI"ON'" Nil 50 U 220 uea) 18 uca) 11 uea) NR 50 U
SELENIU" NFl 5 uea) 25 uea) 5 U 5 U(lI) NA 5 unl;.
THALLIUIl NA ID uea) ID U lD U lD U NA 10 UUI.
ZINC &7 11 &85 1180 .., lD' 180
============ -========================-----===========--===========---================--===================================

NOTES • (U) Undetect.d; (J) Prwsent lIelow detection linit; (Nfl) Not ~1~~; (II) V.lid; <I) Inw.lid
(Nil) Nat wel1det~; ea) auelifi~; eS) Shellow; CD) D..p; (I) Detected 1n Blenk.
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SOUTH CAVALCADE SITE - GROUNDWRTER ANALYTICAL RESULTS

"NOI-002 "NO'-OOl "1IlI')-002 "NI0-001 "Nil-DOl "lolli-DO::
-----------------------------------------------------------------------------------------------------------------------~------------S S S S S S S

------------------------------------------------------------------------------------------------------------------------------------
~OLRTILE ORGANICS Cug/l) NA 1/ Nfl 1/ g 1/ g

------------------------------------------------------------------------------------------------------------------------------------CHLOROIlETHANE 10 U 50 U 10 IJ 10 U 10 U
IROnOnETHANE 10 U 50 U 10 U 10 U 10 U
I/INYL CHLORIDE 10 U 50 U. 10 U 10 U 10 U
CHLOROETHANE 10 U 50U 10 U 10 U 10 U
nETHYLENE CHLORIDE 5 U 25 U 5 U 5 U '5 U
ACETONE , J 50 U 10 U 50 10 U
CRRBON DISULYIDE 5 U 25 U 5 U 5 U 5 U
1.1-DICHLOROETHINE 5 1I ZSU 5 U 5 U 5 U
1.1-DICHLORO£THlIII£ 5 U 25 U 5 U 5 U 5 U
TRANS-I.2-DICHLDROETNENE 5 U ZSU 5 U 5 U 5 U
CHLOROFllIUt 5 U 25 U 5 U 5 U 5 U
1.2-0ICHLOROETHRNE 5 U 25 U 5 U 5 U 5 U
2-BUTRNONE 10 50 U 10 U 10 U 10 U
I. 1. I-TRICHLOROETHANE 5 25 U 5 U 5 U 5 U
CARBON TETRACHLORIDE 5 25 U 5 U 5 U 5 U
IIINYL ACETATE 10 50 U 10 U 10 U 10 U
BROnDDICHLDRDnETHANE 5 25 U 5 U 5 U 5 U
I.Z-DICHLOROPROPRNE 5 25 U 5 U 5 U 5 U
TRANS-l.3-DICHLOIlOPRlIl'ENE 5 25 U 5 U 5 U 5 U
rRICHLORllETIfEN£ 5 25 U 5 U 5 U 5 U
DIBRO"OCHLOROnETMRNE 5 ZSU 5 U 5 U 5 U
1.1.2-TRICHLOROETHANE 5 25 U 5 U 5 U 5 U
BENZENE 5 I J 5 U 5 U 5 U
CIS-l.3-0ICHLOROPROPENE 5 ZSU 5 U 5 U 5 U
2-CHLOROETHYLIII NYL ETIlER 10 50 U 10 U 10 U 10 U
BI!OIIOFORn 5 25 U 5 U 5 U 5 U
2-HElllltlONE 10 SOU 10 U 10 U 10 U
~-"ErHYL-2-PENTANONE 10 SOU 10 U 10 U 10 U
TETRfICIILOIlOETHEIlE 5 25 U 5 U 5 U 5 U
1.1.2.2-rE~ 5 25 U 5 U 5 U 5 U
TOLUENE 5 ZSU 5 U 5 U 5 U
CHLOR08ENZENE 5 ZSU 5 U 5 U 5 U
ETHYLBEH2£IIE 5 ZSU I 5 U 3 J
STYRENE 5 25 U 5 U 5 U 5 U
TOTAL llYLENES 5 UJ "5 U 5 U 5 U------ ----------
PESTlClDESA'CII Cug.'l) ... M ... " ... 1/-------- ------------------
RLPHA-BHC 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
BETA-BIIC 0.05 U 0.05 U 0.05 U 0.05 U O.OS U
DELTA-IHC 0.05 U 0.05 U O.OS U 0.05 U 0.05 U
GlINnlI-1IHC CUfllIlIIIE) O.OS U 0.05 U 0.05 U 0.05 U 0.05 U
HEPrACILOR 0.05 U O.OS U 0.05 U 0.05 U 0.05 U
ALDRIN O.OS U 0.05 U 0.05 U 0.05 U 0.05 U
HEPTRCHLlIR EPOIlIIIE 0.05 U o.os U O.IIS U 0.05 U 0.05 U
ENDaSULF,," I O.OS U 0.05 U O.OS U 0.05 U 0.05 U
DIELDRIN 0.10 U 0.10 U 0.10 0.10 U 0.10 U
~.~·-DDE 0.10 U 0.10 U 0.10 0.10 U 0.10 U
EHDRIN 0.10 U 0.10 U 0.10 0.10 U 0.10 U
ENDOSULF,," II 0.10 U 0.10 U 0.10 0.10 U 0.10 U
~.~·-DDO 0.10 U 0.10 U 0.10 0.10 U 0.10 U
EHDRI N ALDEHYDE 0.10 U 0.10 U 0.10 0.10 U 0.10 U
EHDOSULYRN SULFArE 0.10 U 0.10 U 0.10 0.10 U 0.10 U
~.~·-oOT 0.10 U 0.10 U 0.10 0.10 U 0.10 U
"ETHOllYCHLOR 0.50 U 0.50 U 0.50 0.50 U 0.50 U
ENORIN KETONE 0.10 U 0.10 U 0.10 0.10 U 0.10 U
CILOIlDRNE 0.50 U 0.50 U 0.50 0.50 IJ 0.50 U
TOllRPHEHE 1.0 U 1.0 U 1.0 1.0 U 1.0 U
MOCLOR-I0l. 0.50 U O.SO U O.SO U 0.50 U 0.50 U
RROCLOR-1Z21 0.50 U O.SO U O.SO U 0.50 U 0.50 \I
RROCLOR-1232 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
AROCLOR-1212 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
AROCLOR-1218 0.50 U 0.50 U 0.50 U 0.50 U o.SO U
AROCLOR-1251 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
lIROCLOR-I26C1 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
=========== = =- =-- --- --==============--======================
INDRGIlNICS CUlJI'1) 1/ 1/ 1/ I' 1/ 0 I'----- ----------------------------- ---------------------------SILlIER , U 10 UCD) M 10 U 8 U 10 U 8 U
ARSENIC 10 U 10 U 11 ZS ~8 10 U Ie::
BERYLLlUII 2 U 3 U NIl 3 \I 5 3 U ::I U
CAO"IU" 5 U 5 UCO) NA 5 U 1 U 5 U ~ U
C'I'ANIDE NR 100 U ... 100 U NR 100 U NA
CHRO"IUN 27 , U '" , U i2 102 2'
CDf'PER 21 11 NA 10 U 21 31 11 U
IRON IIR 3300 NA 2320 11700 CO) '1'00 21'00 CO)
"ERCURY 0.2 U 0.2 U NA 0.2 U 0.2 UCD) O.e:: U 0.2 UCD)
NICICEL 3S 2'3 U 53 2' U 70 131 21 U
NITRflTE NR NA Nfl NA 100 U NIl NA
LEAD 31 23 233 5 U 30 3' I3
ANTInOMY 51 U 11 UCD) NA 11U ~8 UCD) ~1 U ~8 UCO)
SELENIU" 5 U 5 UCD) NA 5 U 5 U 5 U 5 U
THALLIU" 10 U 10 U NA 10 U 10 U 10 U ID U
ZINC 59 .7 51'J 2' 75 3~5 ,..
========================= ==--z:======================--==========================================================================

NOTES I CO) Und.t.ct~; (J) Pr.,~t b.1OM ~t~llon liRil; (NIl) Not anel~; (II) ~.Iidl CI) Inw.lid
CNII) Not ¥.lidat~1 CD) Du.lifi~l CS) Sheilowl CD) D..p.
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...12-002 Mil 101-00 I IlWlli-OOl MWI&-OOZ MW:3- IJOl
-----------------------------------------------------------------------------------------------------------------------------------
i~,.. S S S S S S
-------------------------------------------------------------------------------------------------------------------------.---------
~OLATILE ORGANICS CU9/1) NA NA " " \'

CHLOROMETHANE 1000 U 1000 U 10 U 10 U 10 IJ
BP.ONOMETHflNE 1000 U 1000 U 10 U 10 U III U
~INl'L CHLORIDE 1000 U 1000 U 10 U 10 U 10 U
CHLOROETHflHE 1000 U 1000 U 10 U 10 U 10 U
METHVLENE CHLORIDE 500 U SOD U S U S U S U
ACETONE 1000 U 190 J 170 lS0 10 U
CARBON DISULFIDE SOO U SOO U S U S U S U
I.I-DICHLDROETHENE SOO U SOO U S U S U 10 U
I.I-OICHLOROETHANE SOO U SOU U S U S U 5 1I
T~ANS-l.2-DICHLOROETHENE 500 U SOD U S U 5 U S IJ
CHLOROFDRN SOO U sao U 5 U 3 J 5 U
1.2-0ICHLOROETHANE 500 U SOO U 5 U S U 5 U
2-SUTANONE 1000 U 1000 U 10 U 10 U 10 II
1. I. I-TRICHLOROETHANE 500 U sao U S U S U 5 U
CARBnN TETRACHLORIDE sao U sao U S U S U S U
~INVL ACETATE 1000 U 1000 U 10 U 10 U lU U
IROIIODI CHLOIlOItETHflNE 500 U 500 U 5 U 5 U 5 U
1.2-DICHLOROPROPANE SOO U SOO U 5 U S U 5 II
TRANS-I.3-DICHLDROPRDPENE SOO U sao U 5 U 5 U S U
TRICHLORDETHENE 500 U sao U 5 U S U S \I
DIIP.OIIOCHLORDNETHflNE saou 500 U S U 5 U 5 U
l.l.2-TRlCHLDROETHRNE 500 U 500 U S U S U 5 IJ
IENZENE SOO U 830 S U S U S U
CIS-l.3-DICHLOROPROPENE SOO U 500 U S 5 U S U
2-CHLOROETNYL~INYL ETHER 1000 U 1000 U 10 10 U 10 U
lRONOFORN 500 U 500 U S S U S U
2-HElCANONE 1000 U 1000 U 10 10 U 10 U
1-IIETIlYL-2-P£NTIltllIHE 1000 U 1000 U 10 10 U 10 U
TETRACHLDROETHENE SOO U Soo U S S U 5 U
1.1.2.2-TETRACHLOROETHANE SllOU SOO U S 5 U 5 U
TOLUENE saau 610 5 S U 5 U
CHLOROIENZENE SOOU saau 5 S U 5 U
ETHYIJIEHZENE 500 U SOO U S S U 5 U
STVRENE SOO U sao U 5 S U S U
TOTAL lM.ENES saou 500 U S 5 U S U
--.-- -------------- -----------------------------PESTICIDESIPCI eU9/I) " Nfl " " " " "----------
ALPHA-eHC 0.05 U 2.sa 0.25 O.OS O.OS U O.OS U
IETA-8HC 0.05 2.50 0.25 O.OS O.OS U 0.05 U
DELTA-IHC 0.05 2.SO D.Z5 D.GS 0.05 U O.OS U
GAMMA-IHC CLINDANE) 0.05 2.50 0.25 0.05 O.OS U 0.05 U
HEPTACHLOR 0.05 2.50 0.25 0.05 0.05 U O.OS U
ALDRIN 0.05 2.50 0.25 O.OS 0.05 U O.OS II

! HEPTACHLOR EPOllIDE 0.05 2.S0 0.25 0.05 0.05 U 0.05 U
ENDOSULFIlN I D.05 2.S0 0.25 O.OS 0.05 U 0.05 U
DIELDRIN 0.10 5.DO O.SO 0.10 0.10 U 0.10 U
1.1·-DDE 0.10 S.OO 1.7 0.10 0.10 U 0.10 U
ENORIN 0.10 S.OO O.SO 0.10 0.10 U 0.10 U
ENDOSULFIlN II 0.10 S.IIO 0.50 0.10 0.10 U 0.10 U
1.1·-Doo 0.10 5.00 0.50 0.10 0.10 U 0.10 U
EIlDRIN llLDEHYDE 0.10 S.OO O.SO 0.10 U 0.10 U 0.10 U
EHOOSULFAN SULFATE 0.10 U 5.110 O.SO 0.10 U 0.10 U 0.10 U
1.1·-ODT 0.10 U 5.00 0.50 0.10 U 0.10 U 0.10 U
METHOXYCHLOR 0.50 U 25.00 2.50 O.SO U O.SO U 0.50 U
ENDRI N ICETONE 0.10 U 5.110 0.50 0.10 U 0.10 U 0.10 U
CHLORDANE 0.50 U 25. DO 2.S0 0.50 U 0.50 U 0.50 U
TOleAPHENE 1.0 U 50.0 S.O 1.0 U 1.0 U 1.00 U
AP.OCLOR-I016 O.sa U 25.00 2.50 O.SO U O.SO U 0.50 U
AROCLOR-1221 0.50 U 25.00 U 2.S0 0.50 U 0.50 U O.SO U
AROCLOR-1232 0.50 U 2S.00 U 2.S0 O.SO U 0.50 U 0.50 U
AROCLOP'-1212 0.50 U 25.00 U 2.S0 0.50 U O.SO U 0.50 U
AP.OCLOR-12. 0.50 U 25.00 U 2.S0 0.50 U 0.50 U 0.50 U
AROCLOR-12S1 1.0 U SO.O U S.O 1.0 U 1.0 U 1.00 II
IIROCLOR-12&0 1.0 U SO.O U S.O 1.0 U 1.0 U 1.00 U
==========================================--==--=======--=============================--==================--=============================
INOP.GANICS (U9/l) " " " " " v "
SIL~ER 10 ueo) NIl 10 ueo) NIl 10 ueo) 8 U '9 U
AP.SENIC 29.0 27 SO 26 10 U 10 U '5 U
BERYLLIUM 3 U 1M 3 U NA 3 U 3 U : II
CADMIUM 5 ueo) NA S ueo) Nil 5 UCO) 1 U 5 U
CYANIOE 100 U NA 100 U NIl 100 U Nfl 10 U
tHROtlIUN 11 73 26 9 U 20 12 8 U
COPPER 11 NA 33 NIl 10 U 11 U 16 U
IRON '9620 Nfl 22100 NA 128 311 (I) 2720
MERCURY 0.2 U Nfl 0.2 U NIl 0.2 U 0.2 U a.:! U
NICICEL 29 U 76 17 29 2'JU 21 U 301 U
NITRATE Nil 1M NA Nfl NA 200 100
LEAO 102 72 &7 5 U 7 5 U 1 U
AIlTIIIONY 11 ueo) NIt 11 U(O) NA 11 ueo) 18 U S1 IJ
SELENllJIt 5 ueo) NA 5 IICO) Nfl S UCO) 5 U 1 U
THALLIUM 10 U NA 10 U NIl 10 U 10 U 5 UfO.'
ZINC 60 111 75 17U 21 17 IJ 10 U
=========== --==========-----=======================================================================--====-==========

HOTES • CU) Unclouchd; CJ) P~os~t bolow dotoction liNit; CHA) Not _01':!2"'; C~) Volid; el) h",ohd
CNl') Not "oUdot"'; CO) (juohfiod; (5) ShoUo..; CO) a-p.
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P03-002P03-001P02-002'02-001PO1-002PO 1-001S_"IlI ......." ..

---------------------,---------------------------------------------------------------------------------------------------------------Zo... S 5 S 5 S S s
------------------------------------------------------------------------------------------------------------------------------------

NA NA NA

------------------------------------------------------------------------------------------------------------------------------------

o

10 U
1..
3 U
!Ii U

100 U

" U10 U
'850
0.2 U

5i"
NA

".l U
11 IJ

5 U
10 U
53

NIl
10 U
1M
IlA
NA
21
NA
fIR
1M
11
NA

B
IlA
NA
NA
11

200 U 1000 U 10 IJ
200 U 1000 II 10 IJ
200 U .1000 U 10 IJ
200 U 1000 U 10 U
100 U 500 U 5 U
200 U 1000 J 10 U
100 U 500 U 5 IJ
100 U 500 U S U
100 U 500 U 5 IJ
100 U 500 U 5 U
100 500 U 5 IJ
100 500 U '5 U
200 1000 U 10 U
100 500 U 5 IJ
100 500 U 5 II

200 1000 U 10 U
100 500 II 5 II
100 500 U 5 II

100 500 U 5 U
1110 500 U 5 U
100 500 U 5 U
100 500 U 5 IJ
?OJ BOD S U

100 U 500 U 5 U
200 U 1000 U 10 U
100 U 5110 U 5 U
2110 U 10110 U 10 U
200 U 1000 U 10 U
100 U 500 U 5 II
1110 U 500 U 5 U
33J 710 5 U

100 U 500 U 5 U
ISJ 500 U 5 U

100 U 500 U 5 U
ISJ 500 J 5 U-------

IIfl lo' NIl I.' NR II
---------

0.05 0.05 U 0.05 U
0.05 O.OS U 0.05 U
0.05 0.05 U 0.05 U
0.05 0.05 U 0.05 U
0.05 o.os U D.05 U
0.05 0.05 U 0.05 U
0.05 0.05 U 0.05 U
0.05 0.05 U 0.05 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.10 0.10 U 0.10 U
0.50 0.50 U 0.50 U
0.10 0.10 U 0.10 U
o.so 0.50 U 0.50 U

1.0 1.0 U 1.0 U
0.50 0.50 U D.50 U
0.50 U 0.50 U 0.50 U
o.so U O.so U 0.50 I'
0.50 U 0.50 U 0.50 U
0.50 U 0.50 U 0.50 U

1.0 U 1.0 U 1.0 U
1.0 U 1.0 U 1.0 IJ

=====================---=========---==---===================
lo' 0 lo' II--------- -------------

Nil IOU NIl 10 U
10 U 30 2' 29
NR 3 U NA 3 U
IlA 5 U Nil 5 U
Nil 100 U NIl 100 U

" U
9 U 9 U 21

Nil 10 U Nil 11
NIl 7380 NIl 20100
Nil o.z U Nil 0.2 U
21 U '" 2.. U 29 U
NA 100 U Nil 100 U
5 U !Ii U !Ii U lB

Nil ..1 U NIl .... U
Nil 5 U NA 5 U
fIR 10 U NIl 10 U
Ii" U :13 l1U "

o

10 U
10 U
10 U
10
.5
10
5
5
5
5
5
5

10
5
5

10 U
5 U
5 U
5
5
5
5
5
5

10
5

10
10
5
5
5
5
5
5
5

-=

lo'

0.05
0.05
0.05
0.05
0.05
o.os
o.os
0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
O.SO

1.0 U
0.50 U
0.50 U
0.50 U
0.50 U
o.so U

1.0 U
1.0 U

10 U
10 U
3 U
5 U

100 U
13
10 U

....10
0.2 U

30
NA
15
.... U

5 U
10 U
11

===========--=---==========--==---===============================--=========--=======----,====,. -============

CHLOROnETHflNE
BROnOnETHANE
IIINI'\. CHLORIDE
CHLoRoErHANE
METHYLENE CHLORIDE
RCEToNE
CARBON DISULFIDE
1.1-0ICHLOROErHENE
1.1-0ICHLOROETHRNE
TP.ANS-l.2-DICHLOROETHENE
CHLOROFO~

I.Z-DICHLOROETHRNE
2-BUTRNONE
1. 1. I-TRICHLOROETHANE
CARBON TETRIICHLORIDE
IIIHYL ACETRTE
BP.OIlODI CHLOROllETHANE
1.2-DICHLoROPRDPRNE
TRflNS-l.3-DICHLOIDPROPENE
TRICHLDRoETHENE
DI BROnDCHLORllllETNlltlE
1.1.2-TRICNLOROETHRNE
BENZENE
CIS-l.3-DICHLOROPRaPENE
2-CHLOROETHl'LI.'INYL ETHER
BRO~FOIltl

2-HEllIlNONE
1-nETHYL-2-fl£N1'1NIIIE
TETRRCHLORllE1'HENE
1.1.2.2-TErRRCHLOROErHRNE
TOLUENE
CHLOROBENZENE
ETHYLIENZEIlE
STYRENE
TOTAL XYLEIlES

PESTICIDESIPCI ~1)

ALPHA-BHe
BETA-BHC
DELTIl-lIHC
GAIlIlR-BHC cu: IlDAftE)
HEPTACHLOR
IILDRIN
HEPTACHLOR EPlDCIDE
ENODSULFAN I
DIELDRIN
1 ... ·-DDE
ENDRIN
ENDOSULF,," n
1.1·-000
ENDRIN ALDEHYDE
ENDOSULFlIN SULFATE
..... ·-DDT
nETHOlCYCHLDR
ENORIN IeETONE
CHLORDflNE
TOXlIPHENE
IIROCLOR-I01'
IIROCLOR-1221
IIROCLOR-1232 .
IIROCLOR-1212
AROCLOR-121e
AROCLOR-I251
RROCLOR-12'0
===================
INORGlINICS CU9Il)

-~----,
SILliER
ARSENIC
BERYLLIUIl
CAIl/IIUn
CYANIDE
CHRDnUlfl
COPPER
IRON
nERCURY
NICr.EL
NITRATE
LEAD
ANrI nONY
SELENIUn
THALLI un
ZINC

·NOTES : CU) Und.t.ct.d; (J) p,.•••n\ "10M d.t~tion liNit; CNA) Not ~V.edl ~ lo'Alid; (I) I~Alid

CHI.') Not ~AlidAt~1 CO) QUAlified; (5) ~IOM; CD) Deep.
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P04-002

S

P05-001

5

P05-002

5

t1Y01-001

5

OY01-002

S 5

OWO:!-oo~

5

lIOLAn LE ORGANI CS C"9'1) Nil 10' NIl 10' NA V 10'
------------------------------------------------------------------------------------------------------------------------------------
CHLOROMETHIINE 100 U 10 U 1000 U 10 U
BRDMOMETHflNE 100 U 10 II 1000 U 10 U
lIlNYL CHLORIDE 100 U 10 'J. 1000 U 10 U
CHLOROETHRNE 100 U 10 II 1000 U 10 U
METHYLENE CHLORIDE SO U 5 U 500 U 5 U
IItETONE 7B J 1'0 1000 U 'I' J
CIIRBON DISULFIDE 50 U 5 II 500 U 5 U
1.1-0ICHLOROETHENE 50 U 5 II SOD U 5 U
1.1-0ICHLORDETHIINE 50 U 5 U SOD U 5 U
TRANS-1.Z-DICHLOROETHENE 50 U 5 U 500 U 5 U
CHLOROFORll 50 U 5 U 500 U 5 U
1.2-0ICHLOROETHIINE SO U 5 U 500 U 5 U
:!-IIIJTIINONE 100 U lB 1000 U 10 IJ
1. 1. I-TRICHLDROETHIINE 50 U 5 II 500 U 5 IJ
CIIRBON TETRACHLORIDE SO U 5 II 500 U 5 U
VINYL IlCETIITE 100 U 10 U 1000 U 10 II
BROIIUOI CHLORlJllETHIIIIE SO U 5 U 500 U 5 II
1.2-DICHLOROPROPIINE SO U 5 U SOD U 5 U
TRANS-1.3-DICHLOROPROPENE SO U 5 U 500 U 5 U
TRICHLOROETHENE SO U 5 U 500 U 5 U
DIBROMOCHLORDnETHIINE SO U 5 U SOD U 5 U
1.1.2-TRlCHLDRDETHIINE SO U 5 500 U 5 II
BENZENE !!aD U 5 500 U 1 J
CIS-1.'-DICHLOROPRDPEME 50 5 500 U 5 U
Z-CHLOROETHVLlIINYL ETHER 100 10 1000 U 10 U
BRONOFORJt 50 5 SOD U 5 U
2-NEXIINOtlE 100 10 1000 U 10 II
1-METHYL-2-PENTIIHDNE 100 10 1000 U 10 U
TETRIICHLOROETHENE SO 5 500 U 5 U
1.1.2.Z-TETRlIClLlIRlIETlIIINE SO 5 500 U 5 U
TOLUENE !IO 5 500 U 16
CHLOROBENZENE SO 5 500 U 5 U
ETHYLBENZENE !IO 5 500 U 1
STYRENE SO 5 U 500 U 5 U
TOTIIL XYLENES SO 5 J 500 U 19--------------------
PESTJ CI DESIPClI Cu9J'1) NIl 10' NIl 10' 10' 10' Nil------------------
IILPMII-IMC 0.05 0.50 0.25 0.05 U
BETIl-BHC 0.05 no 0.51 0.05 U
DELTII-IMC 0.05 0.50 0.25 0.05 U
G,,"HII-BHC Q.llIIIIINE) 0.05 o.so 0.25 0.05 U
HEPTRCHLOR 0.05 0.50 0.25 0.05 U
ALDRIN O.llS 0.50 0.25 0.05 U
HEPTRCHLOR EPOXIDE 0.05 O.SO 0.25 0.05 U
EHDOSULFIIN I 0.05 0.50 0.25 0.05 U
DIELDRIN 0.10 1.00 0.50 0.10 U
1.1·-ooE 0.10 1.00 0.50 0.10 U
ENORIH 0.10 1.00 0.50 0.10 U
ENOOSULFAN n 0.10 1.00 0.50 0.10 U
1.1·-000 0.10 1.00 0.50 0.10 U
ENORIN RLOEHYDE 0.10 1.00 0.50 0.10 U
ENOOSULFRN SULFRTE 0.10 1.00 0.50 0.10 U
1.1·-00T 0.10 U 1.00 U 0.50 0.10 U
METHOXYCHLOR 0.50 U 5.00 U 2.50 0.50 U
EIIOP.I H I:ETONE 0.10 U 1.00 U 0.50 0.10 U
CHLORORNE 0.50 U 5.00 U 2.50 0.50 U
TOXIIPHENE 1.0 U 10.0 U 5.0 1.0 U
llROCLOR-1016 0.50 U 5.00 U 2.50 0.50 U
AROCLOR-1221 0.50 U 5.00 U 2.50 0.50 U
RROCLOP.-1232 0.50 U 5.00 U 2.50 0.50 U
RROCLOR-1212 0.50 U 5.00 U 2.50 0.50 U
IIROCLOR-1218 0.50 U 5.00 U 2.50 U 0.50 U
AROCLOR-1251 1.0 U 10.0 U 5.0 U 1.0 U
AROCLOR-1260 1.0 U 10.0 U 5.0 U 1.0 U
==========- _ .a=============--=========================================================================
1HDRGII"ICS C""l) 10' IJ 10' 10' 10' 10' IJ---------------------------- ------------------SILVER NIl 10 UeD) III 10 uea) NIl 10 U NIl
ARSENIC 10 U 10 U 10 U 166 156 59 '"BERYLLIUM NA 3 U NIl 3 U NIl 3 U NIl
CIIONIUM Nil 5 UeD) NIl 5 uea) NIl 5 U Nil
CYANIDE NR 100 U NIl 100 U NIl 100 U NIl
CHROHIUM 21 25 9 U 9 U 11 9 U '3 U
COPPEI! NR 11 . Nil 10 U NIl 10 U Nil
IRON NR 11"100 NIl foZ30 NIl 1510 NR
MERCURY NIl 0.2 U NIl 0.2 U NIl O.C: U Nil
NICI:EL 51 2'3 U 21 U 10 21 U 2'3 U ]i'
NITP.IITE NR Nil NIl Nil NIl Nil Nil
LEIID 7 21 5 U 28 25 S U 11
ANTINONY NIl 1"1 uea) "" 11 u(a) NIl 11 U NR
SELENIUM Nil 5 ueD) Nil s uea) NIl 5 U Nil
THALLIUM NIl 10 U Nil 10 U NIl 10 U HII
ZINC 57' 87' 19 73 51 2'3 11 U
============================ -====== a=======--==============--===--========================-=--=================================

NOTES: eu) U_".c","cl; eJ) Pr"_l M1011 ......bon lim"; (Nil) No" _If:1lNdl (....) Uelid; cn I __hd
CHlI) No" v_1id_"~; (D) guelifi~; CS) S~loM; CD) D••p.
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S....~h Nu.....,. 01101;-001 OWO&'-002 01101-001 OWOi'-002 01108-01.11 01108-01.10: 0110':1-001

----------------------------------------------------------------------------~.~~~:----------------------------------------------D D 5 5 s 5

VOLATILE ORGANICS CugJl) II a II NA V NA V

----------------------------------------------------------------------------~Z~~~~~y~----------------------------____________.--
CHLl]ROIIETNANE 10 U 10 U 10 U .. 10 U 10 IJ
BROIlOIIETHANE 10 U 10 U 10 " 10 U 10 U
IIIN'r'L CHLORIDE 10 U 10 U 10 U 10 U 10 I)
CHLOROETHflNE 10 U 10 U 10 U 10 U 10 I)
IIETHYLENE CHLORIDE 5 U 3 J 5 U 5 U 5 IJ
ACETONE 51 B 10 U 10 U 10 U 10 U
CARBOH DISUL~IDE 5 U 5 U 5 U '1'1 ... 5 U 5 U
I.l-DICHLOROETHENE 5 U 5 U 5 U 5 U 5 U
1.I-DICHLOROETHANE 5 U 5 U 5 U IJU ~ II 5 II 5 U
TP.RNS-I.2-DICHLDROETHENE 5 U 5 U 5 U III! ' II 5 U 5 U
CHLORO~ORII 5 U 5 U 5 U I~ • I,' 5 U 15 1,1

1.2-0ICHLOROETHANE 5 U 5 U 5 U '0 II ~lt 5 U 15 U
2-BUTANONE 10 U lOU 10 U 10 U 10 IJ
1. 1. I-TRICHLOROETHANE 5 U 5 U 5 U -I" 5 U 5 IJ
CARRON TETRACHLORIDE 5 U 5 U 5 U ... 5 U 5 U
IIIHYL IlCETATE 10 U 10 U 10 U 10 U 10 U
BROIIODICHLOROIIETHANE 5 U 5 U 5 U ;': 5 U 5 II
1.2-DICHLOROPROPRNE 5 U 5 U 5 U ." \I

5 U 5 U
TRRNS-l.3-0ICHLOROPRDPEME 5 U 5 U 5 U ..n .. 5 U 5 \I
TRICHLOROETHEHE 5 U 5 U 5 U .~ l' 15 U 5 "DIBP.ONOCHLDROIIETHRNE 5 U 5 U 5 U ":::" 5 U ~ ..
1.1.2-TRICHLDROETHANE 5 U 5 U 5 U ~ .. 5 U 5 U
BENZENE 5 J 5 U 5 U -II 5 U 5 II
CIS-l.3-DICHLOROPROPENE 5 U 5 U 5 U 5 U 5 "2-CHLDROETHYLIIINYL ETHER lOU 10 U 10 U 10 U 10 II
BROIIO~ORII 5 U 5 U 5 U .- ,. 5 U 5 U
2-HEXAItONE 10 U 10 U 10 U 10 U 10 U
~-IIETHYL-2-PENTANONE 10 U 10 U 10 U 10 U 10 U
TETRACHLOROETHENE 5 U 5 U 5 U 5 U 5 U
1.1.2.2-TETRRCHLOROETHANE 5 U 5 U 5 U ;) 5 U 5 U
TOLUENE 5 U 5 U 5 U 5 U 5 1I
CHLOROBENZENE 5 U 5 U 5 U 5 U 5 U
ETHYL8ENZEHE 5 U 5 U 5 U 5 U 5 U
STYRENE 5 U 3 J 5 U 5 U 5 U
TOTAL X¥U:NES 5 U 5 U 5 U 5 U 5 U

-------------------- ----- -----------PESTI CIDES"C8 Cug"U " a " NA " NA II---ro--- ------------------ALPHA-SHC 0.05 0.05 U 0.05 0.05 U O.OS U
BETA-BIIC 0.05 0.05 U 0.05 0.05 U 0.05 II
DELTA-IHC 0.05 0.05 U 0.05 0.05 U O.OS U
GIIIIIIA-IHC CU NDIINE) 0.05 0.05 U 0.05 0.05 U 0.05 U
HEPTACHLOR 0.05 0.05 U 0.05 0.05 U 0.05 U
ALDRIN 0.05 0.05 U O.OS 0.05 U 0.05 U
HEPTACHLOR EPOH!DE 0.05 0.05 U O.OS 0.05 U 0.05 U
ENDOSUL~,," I 0.05 0.05 U 0.05 0.05 U 0.05 U
DIELDRIN 0.10 0.10 U 0.10 0.10 U 0.10 II
~.~·-DOE 0.10 0.10 U 0.10 0.10 U 0.10 U
EItDRIN 0.10 0.10 U 0.10 0.10 U 0.10 U
ENDUSULF,," II 0.10 0.10 U 0.10 0.10 U 0.10 IJ
~.~·-DDD 0.10 0.10 U 0.10 U 0.10 U 0.10 II
ENDP-IN ALDEHYDE 0.10 0.10 U 0.10 U 0.10 U 0.10 U
ENDOSULFAH SULFATE 0.10 0.10 U 0.10 U 0.10 U 0.10 U
~.~·-DDT 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U
METHOXYCHLOR 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
EHOP.I N 1CET0IIE 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U
CHLOP.DRNE 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
TOXAPHENE 1.0 U 1.0 U 1.0 U 1.0 U 1.0 II
AP.OCLOR-I0l& 0.50 U 0.50 U 0.50 U 0.50 U 0.50 II
AROCLOR-1221 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
RROCLOR-1232 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
AROCLOR-IZ~2 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U
AROCLOR-12~8 0.50 U 0.50 U 0.50 U 0.50 U 0.5(' II
RROCLOR-125~ 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
AROCLOR-I260 1.0 U 1.D U 1.0 U I.D U 1.0 U
=================-====---==========================-----=--=---.......:;z=======================================
IIIORGANI CS e.....l) 0 " Q " I' " I'

---------------------------------------------~---------------------------------------.--------SILI'ER 10 U 8 IJ 10 U .. NA 10 U NA 10 U
AP.SENIC 10 U 10 U '.IS 59 22 55 13.0
BER'tLLIUM 3 U 3 U 20 NIl 3 U NA 5
CROMIUII 5 U ~ U 10 Nfl 9 Nfl 5 U
C'I'ANIOE 100 U NA 100 U NA 100 U Nfl Ion U
CHROMIU" 9 U '.I U 155 217 19 72 31
COPPER 10 U I~ U 85 NA 13 NA 21
IRON 35700 1130 ca) 1&.5000 Nfl 5310 HA 30~00

IIERCURY 0.2 U 0.2 UeO) 0.2 U NA 0.2 U NIt 0.2 U
NICKEL &.8 ~Z 187 Z~I :!'JU 10:: 2'9 U
NITRATE Nfl NR NA Nfl NA NA NA
LEAD 23 '5 IJ 159 1... 28 52 ~1I

ANTINONY ~1 U ~8 uea) ~1 U NR 11U HA ~~ U
SELENIUM 5 U 5 II 5 U Nfl 5 U Nfl '5 U
THALLIUII 10 U 10 IJ 10 U Nfl 10 U NA 10 IJ
ZINC 156 Ii' U 279 352 ~8 111> '.19
====================================================================--=================--==========--=====--============================

NOTES : CU) Und.t.ct.d; r.J) p,.".nt b.law d.t.ction liNat; eHA) Hot ~1~; ClI) ".Iid; eI) Inv.lad
CNlI) Not v.ladet.d; eO) Qu.lified; CS) Sh.llow; CD) D..p; CB, D.t.cted in 81~k.
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SOUTH CIlVllLCROE 51 TE - GROUIlDIUITER IlNllLVTlCRL RESULTS

------------------------------------------------------------------,----,--------,-----,--------------
S

Nil

ONI3-00Z

II

S--------,-------------

10 U
10 U
10 U
10 U
5 U

10 U
5 U
5 U
5 U
5 U
5 U
5 U

10 U
5 U
5 U

10 U
5 U
5
5
5
5
5
5
5

10
5

JO
10
5
5
5
5
5
5
5

ON 13-001

S

"
100 U
100 U
100 U
100 U

&0
lao U
SOU
SOU
50 U
50 U
50 U
SOU

100
50
50

100
SO
50
SO
SO
50
SO

3DO
50

11IO
SO

11IO
11IO
50
50

1000
SO...
"850

DIll1-00Z

S

II ---------------------------
1000 U
1000 U.
JOOO U
1000 U
500 U

JOOO J
500
SOD
500
SOD
500
500

JOOO
500
SOD

Jooo
500
500
500
500
500
500
500 J
500 U

Jooo U
500 U

JOOO U
1000 U

SOD U
500 U
590
500 U
500 J
500 U
SOD J

GNU-OOI

S

"
100 U
100 U
100 U
100 U
52

100 U
SO U
SOU
SOU
50 U
SO
50

100
50
50

JOO
SO
SO
SO
SO
50
SO

380
SO

JOO
SO

Joo
Joo
SO
SO

JDOO
SO

110
200

1100

ONlO-ODZ

S

"
ZOO U
ZOO U
ZOO U
ZDD U
110
200 U
100 U
100 U
100 U
100 U
100 U
100 U
200 U
100 U
100 U
200
100
100
100
100
100
100
290
IDO
ZOO
100
2IICl
200
100
11IO
&20
100
2?0
100
9&0

ON 10-001

S

IIll

ONO'-OOZ

IIOLIlTlLE ORGllNJCS ~I>

CHLoROftETHllHE
BROllOllETHllHE
IIINYL CHLORIDE
CHLORoETHflNE
NETHYLENE CHLORIDE
IlCETONE
CllRBoN DISULFIDE
1.I-DICHLDRDETHENE
1.1-DICHLDROETHllNE
TRIINS-I.Z-DICHLORDETHENE
CHLOROFDRN
I ,Z-OICHLOROETHANE
Z-SUTIlNONE
1.1. I-TRICHLOROETHANE
CARBON TETRIlCHLO/UDE
IIIIlY\. IlCETIlTE
BRaIlODICHLoRllllETIIAIlE
1.Z-OICHLOItllP'RDI'llNE
TRllNS-l.3-DICHLOIDPRaPENE
TRICHLDROETHEIIE
01BROIllICHl.OROllETHRNE
1. I.Z-TRICHUIRDITIRIE
BENZENE
CIS-l.3-DICHLDROI'lU'£NE
Z-CHLDROETIM.IIIIM. ETIIER
8RlJ1l0FDRN
Z-tlElClINlINE
~-IIETHYL-Z-PENTRNDNE

TETRllClLlJRlIETHENE
1.1.Z.Z-TETRRCHLftOlDE~EJ1~YHRHE~
TOLUENE
CHLDR08ENZENE
ETHYL8EMZENE
STYRENE
TOTAL llVLENES

==

"

Ilfl

"

"
O.DS U
o.os U
O.DS U
D.DS U
o.os U
o.os U
0.05 U
O.DS U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.10 U
0.50 U
0.10 U
O.SO U

1.0 U
0.50 U
0.50 U
0.50 U
0.50 U
o.so U
1.0 U
1.0 U

II

1M

===============--===-

"
0.25
0.25
0.25
0.25
0.25
D.2S
0.25
0.25
0.50
0.50
D.SO
O.SO
0.50
0.50
0.50
0.50
2.50
0.50
2.50
5.0

2.50
2.50
2.50
2.50
2.50
5.0
5.0

"II

II

D.OS
O.OS
O.DS
O.OS
D.OS
0.05
O.DS
O.DS
0.10
0.10
0.10
0.10
0.10
D.JO
0.10
0.10
0.50
0.10
D.SO

1.0 U
0.50 U
0.50 U
0.50 U
0.50 U
0.50 U

1.0 U
1.0 U

II

"O.os
O.OS
O.OS
O.os
D.OS
D.DS
O.OS
O.OS
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
D.SO
0.10
0.50

1.0
O.SO
0.50
D.SO
0.50
0.50

1.0
1.0

"

Nfl

NIl 10 U 8 U SO U IIR 10 U(Q) Nfl
IOU 35 15 522 IOU IOU IOU
1M 3U , 15U 1M 3U NR
IIR 5 U 1 U 2S U NIl 5 U(Q) 1M
Hll 100 U Nil SODO U 1M 100 U NR
11' ~ 151 ~S U , U 30 33
1M 33 n 50U 1M U Ilfl
IIR 35500 130000 10500 1M 10000 1M
Hll 0.2 U 0.2 U 0.2 U 1M 0.2 U 1M
~ ~ m ~ 3Z ~ &0
NIl 100 U ~ HR Hll 11ft 1M
20 257 l' 21 , ~& 25
Nil '7 ~8 U 220 U NIl 11 U(lD Nil
NIl 5 U 5 U 25 U Nfl 5 U(Q) HR
1M IOU IOU SOU 1M IOU Hll
36 U' 303 ~'o 28 ,& S&

--- - ---'==-========:=======- ===============--=============== =-====--===== -= -======
NOTES I aD U_t.ctlOd; (J) Pr__t b.l_ det-eUon li"at; (1M) Hot. ~ ......; ell) ....lid. (I) I eUd

(~) Not ~e11det...; CD) Duelifiod; (S) ShelloM; CO) Doop.

INlJRGllNICS (...,1)

SILliER
ARSENIC
BERYLLIllII
CIIDltIUN
CYANIDE
CHRDNIU/l
COPPER
IRON
IIERCURV
NICKEL
NITRATE
LEIlD
llNTINlIIftO
SELENIIJII
THllLUllII
ZINC

PESTlClDE5J'PCI (...,1>

llLPHll-8IIC
8ETIl-IHC
OELTll-BHC
GIIIItIll-IHC CUIlllllNE)
HEPTIICJLOR
ALDRJN
HEPTllCILOR EPOICIIIE
EIlOOSULFllN I
DIELDRIN
1.~·-OOE

ENORIN
EHOOSULFllN II
1.~'-00D

ENORIN RLDEJMIE
EHOOSULFllN SULFlITE
1.~·-00T

"ETHOlC'ICHLOR
ENORIN 1CET0NE
CHLORDllNE
TDlCIlPHENE
llROCLDR-101&
IlRDCLOR-122I
RROCLOR-1232
llIlOCLDR-I212
llRDCLDR-12.
llIlOCLDR-1251
RROCLOR-12&o

=====- -=================-==-=======,- - = -=

000571



SOUTH CR~ALCADE 51TE - GROUNDWATER RNALYTICAL RESULrS

------;-----------~----------D-----------~~----------------------------------------

---------------------------------,-------
20".

--------------------------'VOLRTILE ORGRNICS (yt/l)

CHLOROnETHRNE
BIIOnOnETHANE
1I1NYL CHLORIDE
CHLOROErHANE
nETHYLENE CHLORIDE
ACETONE
CARBON DISULFIDE
I.I-OICHLOROETHENE
I.I-OICHLOROETHRHE
TIIANS-I.2-DICHLOROETHENE
CHLOROFOlln
I.Z-OICHLOROETHRNE
2-IUTANONE
l.l.I-TRICNLORDETHRNE
CAIIION TETRACHLORIDE
VINYL ACETATE
III0nOOIcHLORonETHRNE
1.2-0ICHLOROPROPANE
TRRNS-l.3-0ItHLORDPRDPENE
TRICHLOROETHENE
OllROnOCHLOROnETHRNE
1.1.2-TRICHLOROETHANE
BENZENE
CIS-I.3-GJ tHLllRllI'IlIII'£J
2-CHLOROETHYL~NYL ETHER
IROnOFOan
2-HElCflNONE
1-ftETHYL-2-PENTANDNE
TETRfltHLOROETHENE
l.l.2.2-TETRRCHLDROETHRME
TOLUENE
CHLOROBIDtZEIlE
ETHYUENZENE
STYRENE
TOTAL lM.ENES

PESnttDESII'tII C.....1'

o"I~-aol

S

10 U
10 U
10 U
10 U
5 U

12
5 U
5 U
5 U
5 U
5 U
5 U

lOU
5 U
5 U

10 U
5
5
5
5
5
5
5
5

ID
5

10
10
5
5,
5

10
5

37

OW 1"-002

S

10 U
10 U
10 U
10 U
5 U

10
5
5
5
5
5
5

10
5
5

10
5
5
5
S
S
S
S
S

10
5

10
10
5
5

11
S

13
5

30

IIR

awOl-OOI

o

10 U
10 U
10 U
10 U
5 U

10 U
5 U
S U
5 U
S U
5 U
5 U

IOU
5 U
5
5
5
5
5
5
5
5
S
S

10
5

10
10
5
5
5
5
5
5
S

OW02-002'------._--------------------------
D

---------------------------

IlR

"
8 U

10 U
2 U
5 U

IOU
, U
, U

?lIU
0.2 U
ZSU

1111 U
5 U

SO U
5 U

10 UaD
9 U

0.05
O.as
0.05
O.OS
0.05
O.as
D.DS
0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.50
1.00
0.511
0.50
0.50
0.50
0.50
I.DO
1.DO

Ill.
"I
IIA
NR
IIR
51
NR
IIA
IIll
&&
IIR
za

""IIR

""80

0.05
0.05
0.1IS
0.05
O.as
0.05
0.05
0.05
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.50

1.0
0.50
0.50
0.50
O.sa
0.50

1.0
1.0

"
10 U

83.0
I
5 U

100 U
&I
1"

3"00
0.2 U

29 U
NIl
29
.... U

5 U
10 U

121

===-
I NO••I CS Cuoy1'

SILVER
ARSENIC
BERYLLIUn
CAIl/lIUn
C'I'flIlIDE
CHROnIUI'I
COPPER
IRON
nERCURY
NICI:EL
NITRATE
LEAO
IINrtnDllY
SELENIUn
rHRLLIUI'I
ZINC

ALPHA-lIIlt
BETA-llHC
OELrR-llHt
GAnnA-llllt CU:1IIllND
HEPTACHLOR
ALDRIN
HEPTACHLOR EPOICtllE
ENllOSULFllN I
OIELDRIN
.....·-DlIE
ENDRIN
E"DOSULFAN n
..... ·-DDD
ENDRIN IlIJIEIMlE
EHDOSULF,," SULFRTE
".'1·-DDr
nErHOICYtHI.OR
ENDRIN ICETOItE
CHLOROANE
TlIl<APHENE
ARDeLOR-IOll
ARDtLOR-1221
ARDeLDR-lZ32
ARDCLOR-121Z
IIROCLOR-1218
IIROeLDR-lZS..
IIRotLDR-12&a

---===========-=====----====--============-:
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APPENDIX B 

SCENARIO lA - WORST CASE SIMULATIONS 
(NORTHERN AREA) 
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

ACENAPHTHENE 

No remedial goal for acenaphthene is specified in the ROD. The effective solubility for 
. acenaphthene (1,790 ug/l) is slightly less than the TNRCC MSC (2,190 ugll). The concentration 
versus time graph of the model output indicates an estimated travel time for the advective front to 
reach the hypothetical exposure endpoint (x=425 ft.) of approximately 25 years. 

An acenaphthene concentration of 65 ugll was measured in monitoring well (MW -01) located at a 
distance of approximately 260 feet downgradient of the potential source area dlJ!ing the most r~cent 
groundwater sampling event. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts an acenaphthene concentration equal to 
the effective solubility of this constituent (1,790 ug/l) in monitoring well MW -01. This comparison 
of actual and predicted concentrations reflects the conservative nature of this scenario. The 
significant difference between the actual and simulated concentrations may be due to overly 
conservative values for the input parameters and/or the fact that this simulation does not account for 
the effects of biodegradation. . 

This parameter will be evaluated further under the less conservative scenarios. 
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Breakthrough Curve
(Acenaphthene - North)

--e-X=125ft
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Breakthrough Curve
(Acenaphthene - North)
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

ANTHRACENE 

No remedial goal for anthracene is specified in the ROD. The effective solubility for anthracene 
(339 ugll) is much less than the TNRCC MSC (11,100 ug/l). The concentration versus time graph 
of the model output indicates an estimated travel time for the advective' front to reach the 
hypothetical exposure endpoint (x=425 ft.) of approximately 60 years. 

An estimated anthracene concentration of 1 ugll was measured in monitoring well (MW -01) located 
at a distance of approximately 260 feet downgradient of the potential source area during the most 
recent groundwater sampling event. Conservatively assuming that the source area did not exist until 
the last year gf plant operation, the model simulation predicts an anthracene concentration of more 
than 300 ug/l for monitoring well MW -01. This comparison of actual and predicted concentrations 
reflects the conservative nature of this scenario. The significant difference between the actual and 

, simulated concentrations may be due to overly conservative values for the input parameters and/or 
the fact that this simulation does not account for the effects of biodegradation. ' 

This parameter will be evaluated further under the less conservative scenarios. 

" , 
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Breakthrough Curve
(Anthracene - North)
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Breakthrough Curve
(Anthracene - North)
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING .CONDITIONS) 

BENZENE 

The remedial goal for benzene, as specified in the ROD, is 5 ugll. The effective solubility for 
benzene is 3,799 ugll. The concentration versus time graph of the model output indicates an 
estimated travel time for the groundwater containing benzene at a concentration equal to the ROD 
remedial goal to reach the hypothetical exposure endpoint (x=425 ft.) ofless than 0.5 year. 

An benzene concentration of 6 ugll was measured in monitoring well (MW -01) located at a distance 
. of approximately 260 feet downgradient of the potential source area during the most recent 
groundwater sampling event. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts a benzene concentration equal to the 
effective solubility (3,800 ugll) in monitoring well MW -01. This comparison of actual and predicted 
concentrations reflects the conservative nature of this scenario. The significant difference between 
the actual and simulated concentrations may be due to overly conservative values for the input 
parameters and/or the fact that this simulation does not account for the effects' of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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Breakthrough Curve
(Benzene - North)
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

BENZO(a)PYRENE 

Benzo(a)pyrene is considered a potentially carcinogenic P AH. The remedial goal for potentially 
. carcinogenic P AHs as specified in the ROD is no detection. As a result, the Practical Quantitation 
Limit for this constituent (10 ug/l) is used as the remedial goal in this assessment. The effective 
solubility for benzo(a)pyrene (0.08 ug/l) is much less than the remedial goal. The concentration 
versus time graph of the model output indicates an estimated travel time for the advective front to 
reach the hypothetical exposure endpoint (x=425 ft.) of more than 4000 years. 

Benzo(a)pyrene was not detected in monitoring well (MW-Ol) located at a distance of approximately 
260 feet downgradient of the potential source area during the most recent groundwater sampling 
event. Therefore, the simulated results for this constituent are consistent with the actual field data. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point and the conservative nature of this simulation, this parameter wil~ not be further evaluated. 
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Breakthrough Curve
(Benzo(a)pyrene - North)
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Breakthrough Curve
(Benzo(a)pyrene - North)
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

CHRYSENE 

Chrysene is considered a potentially carcinogenic P AH. The remedial goal for potentially " 
carcinogenic P AHs as specified in the ROD is no detection. As a result, the Practical Quantitation 
Limit for this constituent (10 ugll) is used as the remedial goal in this assessment. The effective 
solubility for chrysene (1.0 ugll) is less than the remedial goal. The concentration versus time graph 
of the model output indicates an estimated travel time for the advective front to reach the 
hypothetical exposure endpoint (x=425 ft.) of more than 500 years. 

Chrysene was not detected in monitoring well (MW-OI) located at a distance of approximately 260 
feet downgradient of the potential source area during the most recent groundwater sampling event. 
Therefore, the simulated results for this constituent are consistent with the actual field data. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point and the conservative nature of this simulation, this parameter will not be "further evaluated. 
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

ETHYLBENZENE 

The remedial goal for ethylbenzene, as specified in the ROD, is 142 ugll. The effective solubility 
for ethylbeni:ene is 292 ug/l. The concentration versus time graph of the model output indicates 
an estimated travel time for the groundwater containing ethyl benzene at a concentration equal to the 
ROD remedial goal to reach the hypothetical exposure endpoint (x=425 ft.) of approximately 2 
years. 

An ethylbenzene concentration of 8 ug/l was measured in monitoring well (MW-OI) located at a 
distance of approximately 260 feet downgradient of the potential source area during the most recent 
groundwater sampling event. Conservatively assuming that the source area did not exist until ·the 
last year of plant operation, the model simulation predicts an ethylbenzene concentration equal to . 
the effective solubility (292 ugll) in monitoring well MW-Ol. This comparison of actual and 
predicted concentrations reflects the conservative nature of this scenario. The significant difference 
between the actual and simulated concentrations may be due to overly conservative values for the· 
input parameters and/or the fact that this simulation does not account for the effects of 
biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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SCENARIO lA - NORTHERN AREA ' 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

FLUORENE 

No remedial goal for fluorene is specified in the ROD. The effective solubilitY for fluorene (881 
ug/l) is less than the TNRCC MSC (1,460 ugll). The concentration versus time graph of the model 
output indicates an estimated travel time for the advective front to reach the hypothetical exposure 
endpoint (x=425 ft.) of approximately 36 years. 

A fluorene concentration of 43 ugll was measured in monitoring well (MW -01) located at a distance 
of approximately 260 feet downgradient of the potential source area during the most recent 
groundwater sampling event. Conservatively assuming that the source area, did not exist until the 
last year of plant operation, the model simulation predicts an fluorene concentration of more than 
800 ug/l for monitoring well MW -01. This comparison of actual and predicted concentrations 
reflects the conservative nature of this scenario. The significant difference between the actual and 
simulated concentrations may be due to overly conservative values for the input parameters and/or 
the fact that this simulation does not account for the effects of biodegradation. 

, This parameter will be evaluated further under the less conservative scenarios. 

," 
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

NAPHTHALENE 

No remedial goal for naphthalene is specified in the ROD. The effective solubility for naphthalene 
is 12,700 ugll and the TNRCC MSC is 1,460 ugll. The concentration versus time graph of the model 
output indicates an estimated travel time for the groundwater containing naphthalene at a 
concentration equal to the TNRCC MSC to reach the hypothetical exposure endpoint (x=425 ft.) 
of approximately 2.5 years. 

An naphthalene concentration of 1,600 ugll was measured in monitoring well (MW -01) located at 
a distance of approximately 260 feet downgradient of the potential source area during the most 
recent groundwater sampling event. Conservatively assuming that the source area did not exist until 

. the last year of plant operation, the model simulation predicts an naphthalene concentration equal 
to the effective solubility (12,700 ugll) in monitoring well MW-OI. This comparison of actual and 
predicted concentrations reflects the conservative nature of this scenario. The significant difference 
between the actual and simulated concentrations may be due to overly conservative values for the 
input parameters and/or the fact that this simulation does not account for the effects· of 
biodegradation. 

'," 
This parameter will be evaluated further under the less conservative scenarios. 
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

PHENANTHRENE 

No remedial goal for phenanthrene is specified in the ROD. The effective solubility for 
phenanthrene (598 ug/l) is much less than the TNRCC MSC (11,100 ug/l). The concentration versus 
time graph of the model output indicates an estimated travel time for the advective front to reach the 
hypothetical exposure endpoint (x=425 ft.) of approximately 60 years. 

A phenanthrene concentration of 26 ug/l was measured in monitoring well (MW -01) located at a 
distance of approximately 260 feet downgradient of the potential source area during the" most recent 
groundwater sampling event. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts an phenanthrene concentration of more 
than 500 ug/l for monitoring well MW -01. This comparison of actual and predicted concentrations 
reflects the conservative nature of this scenario. The significant difference between the actual and 
simulated concentrations may be due to overly conservative values for the input parameters and/or 
the fact that this simulation does not account for the effects of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

PYRENE 

No remedial goal for pyrene is specified in the ROD. The effective solubility for pyrene (109 ug/l) 
is less than the lNRCC MSC (1,110 ugll). The concentration versus time graph of the model output 
indicates an estimated travel time for the advective front to reach the hypothetical exposure endpoint . 
(x=425 ft.) of approximately 165 years. . 

An estimated pyrene concentration of 1 ugll was measured in monitoring well (MW -01) located at 
a distance of approximately 260 feet downgradient of the potential source area during the most 
recent groundwater sampling event. Conservatively assuming that the source area did not exist until 
the last year of plant operation, the model simulation predicts an pyrene concentration of more than 
30 ugll for monitoring well MW -01. This comparison of actual and predicted concentrations reflects 
the conservative nature of this scenario. The significant difference between the actual and simulated 
concentrations may be due to overly conservative values for the input parameters and/or the fact that 

. this simulation does not account for the effects of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 

000601



Breakthrough Curve
(Pyrene - North)

120 i i

-.-x= 125ft

-.-x= 425ft

--X=6SOft

300270240210180150

Time (year)

120906030

100

80

::J I r / / I Input Data:-CI
::l K = 3.8x10· ftlyr-c n = 0.375
0
~ 60 1=0.006
l!! 8. = 8.2,16.6,-c 20.3 It
CD
U fae = 8.6x10'·c
0 logK.. = 4.58
U

40

".;

c:~rh\socav\118-1311.l1al

000602



Breakthrough Curve
(Pyrene • North)

120·, ,

--e-t = 25yr

-.-t =50yr

-t=75yr

700600500

Distance (ft)

400300200100

I I I I I I .~ • • ........-. • • =--=. • a--.• - .•-_...•
800 900 1000

20

801 \ }. \. I Input Data:-...J- K = 3.81(10· ftlyrCI
:::lI- n = 0.375
c: 1=0.006
0
;l

60
8. = 16.6 It

l! '0. = 8.61(10··-c: LogK... = 4.58CD
u
c:
0
U

c:\jrh\socav\118-13n.nal

000603



SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

TOLUENE 

The remedial goal for toluene, as specified in the ROD, is 28 ugll. The effective solubility for 
toluene is 1,040 ugll. The concentration versus time graph of the model output indicates an 
estimated travel time for the groundwater containing toluene at a concentration equal to the'ROD 
remedial goal to reach the hypothetical exposure endpoint (x=425 ft.) ~s less than one year. 

A toluene concentration of 5 ug/l was measured in monitoring well (MW -01) located at a distance 
of approximately 260 feet downgradient of the potential source area during the most recent 

, groundwater sampling event. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts an toluene concentration equal to the 
effective solubility (1,040 ugll) in monitoring well MW -01. This comparison of actual and predicted 
concentrations reflects the conservative nature of this scenario. The significant difference between 
the actual and simulated concentrations may be due to overly conservative values for the input 
parameters and/or the fact that this simulation does not account for the effects, of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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SCENARIO lA - NORTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

XYLENE 

" The remedial goal for xylene, as specified in the ROD, is 440 ugll. The effective solubility for 
toluene (313 ugll) is slightly less than the ROD goal. The concentration versus time graph of the 
model output indicates that the estimated travel time for the advective front to reach the hypothetical 
exposure endpoint (x=425 ft.) is approximately 5 years. 

A xylene concentration of 9 ugll was measured in monitoring well (MW -01) located at a dis~ance 
of approximately 260 feet downgradient of the potential source area during the most recent 
groundwater sampling event. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts an xylene concentration equal to the 
effective solubility (313 ugll) in monitoring well MW -01. This comparison of actual and predicted 
concentrations reflects the conservative nature of this scenario. The significant difference between 
the actual and simulated concentrations may be due to overly conservative values for the input 
parameters and/or the fact that this simulation does not account for the "effects of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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APPENDIX C 

SCENARIO lA - WORST CASE SIMULATIONS 
(SOUTHERN AREA) 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

ACENAPHTHENE 

No remedial goal for acenaphthene is specified in the ROD. The effective solubility for 
acenaphthene (1,790 ugll) is slightly less than the TNRCC MSC (2,190 ugll). The concentration 
versus time graph of the model output indicates an estimated travel time for the advective front to 
reach the hypothetical exposure endpoint (x=400 ft.) of more than 300 years. 

A maximum acenaphthene concentration of 22 ugll was measured in monitoring well MW -os 
located at a distance of approximately 350 feet downgradient of the potential source area during the 
RI groundwater sampling events. Conservatively assuming that the source area did not exist until 
the last year ·of plant operation, the model simulation predicts an acenaphthene concentration for 
monitoring well MW-OSless than the actual concentration measured in the RI grOlmdwater sample. 
This comparison of actual and predicted concentrations does not reflect the conservative nature of 

. this scenario. Based on comparison of PAH constituent ratios in monitoring well MW -OS to those 
observed in the on-Site monitoring wells, it is possible that the PAH constituents measured in 
monitoring well MW-08 during the RI may originate from a source other than the South Cavalcad~ 
Superfund Site. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure· . 
point and the conservative nature of this simulation, this parameter will not be further evaluated in 
the southern area. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING .cONDITIONS) 

ANTHRACENE 

No remedial goal for anthracene is specified in the ROD. The effective soiubility for anthracene 
(339 ugll) is much less than the TNRCC MSC (11,100 ugll). The concentration versus time 'graph 
of the model output indicates an estimated travel time for the advective front to reach the 
hypothetical 'exposure endpoint (x=400 ft.) of more than 300 years. 

An estimated anthracene concentration of 7 ugll was measured in monitoring well MW -08 located 
, at a distance of approximately 350 feet downgradient of the potential source area during both RI 
groundwater sampling events. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts a comparable concentration for monitoring 
well MW -08. This comparison of actual and predicted concentrations does not reflect the 
conservative nature of this scenario. Based on comparison ofPAH constituent ratios in monitoring 
well MW -08 to those observed in the on-Site monitoring wells, it is possible that the .p AH 
constituents measured in monitoring well MW -08 during the RI may originate from a source other 
than the South Cavalcade Superfund Site. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point, this parameter will not be further evaluated. :,' 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

BENZENE" 

The remedial goal for benzene, as specified in the ROD, is 5 ugll. The effective solubility for 
" benzene is 3,800 ugll. The concentration versus time graph of the model output indicates an 
estimated travel time for the groundwater containing benzene at a concentration equal to the ROD 
remedial goal to reach the hypothetical exposure endpoint (x=400 ft.) of approximately 5 years. 

Benzene was not detected in monitoring well MW-0810cated at a distance of approximately 350 feet 
downgradient of the potential source area during the RI groundwater sampling events. 
Conservatively assuming that the source area did not exist until the last year of plant operation, the 
model simulation predicts a benzene concentration equal to the effective solubility of 3,800 ug/l in 
monitoring well MW-OS. This comparison of actual and predicted concentrations reflects the 
conservative nature of this scenario. The significant difference between the actual and simulated 
concentrations may be due to overly conservative values for the input parameters and/or the fact that 
this simulation does not account for the effects of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios for the southern area. 

000617



Breakthrough Curve
(Benzene· South)

4000 " i

3500

3000,"

~ 2500·

:s-co! 2000...
C
ell
Uc
8 1500"

1000 .•.

5 10 15 20 25

Time (year)

30 35 40 45 50

-'-X=125n

--Ir- X =400 n
-X=Boon

Input Data:

K = 2.6X1 03 ftIyr
n =0.375
1=0.006
a.= 8.2.16.1 •
22.2 It
foo =8.6X1 0.4

LogKo. = 1.81

c:~rh\socav\118-03.nat

000618



Breakthrough Curve
(Benzene - South)

4000 " i

3500 .

3000 .•.

::r- 2500 .•.
CJ
:::lI-C
o
~2ooo
1:
GJ
U
C
o
U 1500 .•.

1000 .-

500

-+-t=5yr
--.-t=15yr

-t"25yr

Input Data:

K =2.6x103 ftlyr
n=0.375

. 1=0.006
a.= 16.1 It
fae = 8.6x10·4

LogKac .. 1.81

1500135012001050900600 750

Distance (ft)
450300150

o ·1 I I I I .......... • • • • • e::--=. • • • • =1= • • • •
o

c:~rh\socav\118-03.nat

000619



SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

BENZO(a)PYRENE 

Benzo(a)pyrene is considered a potentially carcinogenic PAH. The remedial"goal for potentially 
carcinogenic P AHs as specified in the ROD is no detection. As a result, the Practical Quantitation 
Limit for this constituent (10 ug/l) is used as the remedial goal in this assessment. The effective 
solubility for benzo(a)pyrene (0.08 ugll) is much less than the remedial goal. The concentration 
versus time graph of the model output indicates an estimated travel time for the advective front to 
reach the hypothetical exposure endpoint (x=400 ft.) of more than 80,000 years. 

Benzo(a)pyrene was not detected in monitoring well MW-08 located at a distance of approximately 
350 feet downgradient of the potential source area during the RI groundwater sampling events. 

" Therefore, the simulated results for this constituent are consistent with the actual field data. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point and the conservative nature of this simulation, this parameter will be not further evaluated in 
the southern area. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

CHRYSENE 

Chrysene is. considered a potentially carcinogenic P AH. The remedial goal for potentially 
carcinogenic P AHs as specified in the ROD is no detection. As a result, the Practical Quantitation 
Limit for this constituent (10 ug/l) is used as the remedial goal in this assessment. The effective 

. solubility for chrysene (1.0 ug/l) is less than the remedial goal. The concentration versus time graph 
of the model output indicates an estimated travel time for the advective front to reach the 
hypothetical exposure endpoint (x=400 ft.) of more than 3,000 years. 

Chrysene was not detected in monitoring well MW-08 located at a distance of approximately 350 
feet downgradient of the potential source area during the RI groundwater sampling events .. 
Therefore, the simulated results for this constituent are consistent with the actual field data. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point and the conservative nature of this simulation, this parameter will be not further evaluated in 
the southern area. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

ETHYLBENZENE 

The remedial goal for ethylbenzene, as specified in the ROD, is 142 ugll. The effective solubility 
for ethyl benzene is 292 ugll. The concentration versus time graph of the model output indicates 
an estimated travel time for the groundwater containing ethylbenzene at a concentration equal to the 
ROD remedial goal to reach the hypothetical exposure endpoint (x=400 ft.) of approximately 30 
years. 

Ethylbenzene was not detected in monitoring well MW-OS located at a distance of approximately 
350 feet downgradient of the potential source area during the RI groundwater sampling event. 
Conservatively assuming that the source area did not exist until the last year of plant operation, the 
model simulation predicts an ethylbenzene concentration of more than 200 ug/l in monitoring well 
MW-OS. This comparison of actual and predicted concentrations reflects the conservative nature of 
this scenario. The significant difference between the actual and simulated concentrations may be 

. due to overly conservative values for the input parameters and/or the fact that this simulation does 
not account for the effects of biodegradation. . 

This parameter will be evaluated further under the less conservative scenarios. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

FLUORENE 

No remedial goal for fluorene is specified in the ROD. The effective solubility for fluorene (SSI 
ugll) is less than the TNRCC MSC (1,460 ugll). The concentration versus time graph of the inodel 
output indicates an estimated travel time for the advective front to reach the hypothetical exposure 
endpoint (F400 ft.) of more than 300 years. 

A maximum fluorene concentration of20 ugll was measured in monitoring well MW-:OSlocated at 
. a distance of approximately 350 feet downgradient of the potential source area during the RI 
groundwater sampling events. The conservative model simulation predicts thadt would take more 
than 120 years for detectable levels of fluorene to migrate the distance from the source area to the 
location of monitoring well MW-OS. This comparison of actual and predicted concentrations does 
not reflect the conservative nature ofthls scenario. Based on comparison ofPAH constituent ratios 
in monitoring well MW-OS to those observed in the on-Site monitoring wells, it is possible that the 
PAH constituents measured in monitoring well MW-OS during the RI may originate from a source 
other than the South Cavalcade Superfund Site. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point and the conservative nature of this simulation, this parameter will be not further evalmited in· 
the southern area. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

NAPHTHALENE 

. No remedial goal for naphthalene is specified in the ROD. The effective solubility for naphthalene 
is 12,700 ugll and the TNRCC MSC is 1,460 ugll. The concentration versus time graph of the model 
output indicates an estimated travel time for the groundwater containing naphthalene at a 
concentration equal to the TNRCC MSC to reach the hypothetical exposure endpoint (x=400 ft.) 
of approximately 35 years. 

A maximum naphthalene concentration of24 ugll was measured in monitoring well MW-OS located 
at a distance of approximately 350 feet downgradient of the potential source area during the RI 
groundwater sampling events. Conservatively assuming that the source area did not exist until the 
last year of plant operation, the model simulation predicts an naphthalene concentration of more than 
1,600 ug/l in monitoring well MW-OS. This comparison of actual and predicted concentr~tions 
reflects the conservative nature of this scenario. The significant difference between the actual and 
simulated cOJ;lcentrations may be due to overly conservative values for the input parameters and/or 
the fact that this simulation does not account for the effects of biodegradation. . 

This parameter will be evaluated further under the less conservative scenarios. .'. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

PHENANTHRENE 

No remedial goal for phenanthrene is specified in the ROD. The effective solubility for 
phenanthrene (598 ugll) is much less than the TNRCC MSC (11,100 ugll). The concentration versus 
time graph of the model output indicates an estimated travel time for the aclvective front to reach the 
hypothetical exposure endpoint (x=400 ft.) of more than 300 years. 

A maximum phenanthrene concentration of 57 ugll was measured in monitoring well lV1;W-08 
located at a distance of approximately 350 feet downgradient of the potential source area during the 
RI groundwa,ter sampling events. Assuming that the source area existed during the year that plant 
operations were begun, the conservative model simulation predicts non-detectable phenanthrene 
concentrations in monitoring well MW -08 during the RI . This comparison of actual and predicted 
concentrations does not reflect the conservative nature of this scenario because the actual 
concentration determined through laboratory analysis are greater than the simulated concentration. 
Based on comparison ofPAH constituent ratios in monitoring well MW-08 to those observed in the 
on-Site monitoring wells, it is possible that the PAH constituents measured in monitoring well MW-
08 during the RI may originate from a source other than the South Cavalcade Superfund Site. 

Based on the estimated time necessary for the advective front to migrate to the hypothetical future 
exposure point, this parameter will not be evaluated further under the less conservative scenarios. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

PYRENE 

No remedial goal for pyrene is specified in the ROD. The effective solubility for pyrene (109 ug/l) 
is less than the TNRCC MSC (1,110 uglI). The concentration versus time graph of the model output 
indicates an estimated travel time for the advective front to reach the hypothetical exposure endpoint 
(x=400 ft.) of more than 600 years . 

. A maximum estimated pyrene concentration of 15 ugil was measured in monitoring well MW -OS 
located at a distance of approximately 350 feet downgradient of the potential source area during the 
RI groundwater sampling events. Assuming that the source area existed during the year that plant 
operations were begun, the conservative model simulation predicts a pyrene concentration less than 
the concentration measured in monitoring well MW-OS. This comparison of actual and predicted 
concentrations does not reflect the conservative nature of this scenario because the actual· 
concentration determined through laboratory analysis is greater than the simulated concentration. 
Based on comparison ofPAH constituent ratios in monitoring well MW-08 to those observed in the 
on-Site monitoring wells, it is possible that the P AH constituents measured in monitoring well MW­
OS during the RI may originate from a source other than the South Cavalcade Superfund Site. 

Due to the simulated time necessary for the advective front to reach the hypothetical future exposure 
point and the conservative nature of this simulation, this parameter will be not further evaluated. 
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Breakthrough Curve 
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SCENARIO lA - SOUTHERN AREA ' 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

,TOLUENE 

The remedial goal for toluene, as specified in the ROD, is 28 ug/l. The effective solubility for 
toluene is 1,040 ug/l. The concentration versus time graph of the model output indicates an 
estimated travel time for the groundwater containing toluene at a concentration equal to the ROD 
remedial goal to reach the hypothetical exposure endpoint (x=400 ft.) is approximately 10 years. 

Toluene was not detected in monitoring well MW-0810cated at a distance of approximately 350 feet 
downgradient of the potential source area during the RI groundwater sampling event., 
Conservatively assuming that the source area did not exist until the last year of plant operation, the 
model simulation predicts an toluene concentration of more than 1,000 ug/l in monitoring well MW-
08. This comparison of actual and predicted concentrations reflects the conservative nature of this 
scenario. The significant difference between the actual and simulated concentrations may be due 
to overly conservative values for the input parameters and/or the fact that this simulation does not 
account for the effects of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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SCENARIO lA - SOUTHERN AREA 
MOST CONSERVATIVE INPUT PARAMETERS (NON-PUMPING CONDITIONS) 

XYLENE 

The remedial goal for xylene, as specified in the ROD, is 440 ugll. The effective solubility for 
toluene (313 ugll) is slightly less than the ROD goal. The concentration versus time graph of the 
model output indicates that the estimated travel time for the advective front to reach the hypotI:tetical 
exposure endpoint (x=400 ft.) is approximately 65 years. 

Xylene was not detected in monitoring well MW-OS located at a distance of approximately 350 feet 
downgradient of the potential source area during the RI groundwater sampling event. 
Conservatively assuming that the source area did not exist until the last year of plant operation, the 
model simulation predicts an xylene concentration of more than 240 ugll in moni~oring well MW -OS. 
This comparison of actual and predicted concentrations reflects the conservative nature of this 
scenario. The significant difference between the actual and simulated concentrations may be due 
to overly conservative values for the input parameters and/or the fact that this simulation does not 
account for the effects of biodegradation. 

This parameter will be evaluated further under the less conservative scenarios. 
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APPENDIX D 

SCENARIO IB - WORST CASE SIMULATION FOR 
PUMPING CONDITIONS 
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Breakthrough Curve
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3500 ..

500

3000 .

:::r 2500 .•.-OJ
::I-C
o
~ 2000

1:
CIJ
uc
8 1500·

Time (year)

c:\jrh\socav\118-03n.xls

000650



Breakthrough Curve
(Benzo(a)anthracene - North)

2.4 .

2.2·"

2.0

1.8 .•.

1.6-.J-Dl:::s 1.4 .•.-c
0

~ 1.2..c
CD
~ 1.0
0
0

0.8·

0.6·"

0.4

0.2

0.0
0 30 60 90 120 150

Time (year)

180 210 240 . 270 300

---x =125fl

-'-X =425 fl

Input Data:

K =3.8x10· fllyr
n =0.375
1=0.023
III = 8.2, 16.6 It
fae = 8.6x10··
LogKac =6.14

c:\jrh\socav\118-04n.xls

000651



Breakthrough Curve
(Benzo(a)pyrene. North)

6.0E-02 I ,

-X=125ft

-.\-X = 425 ft

1.0E-02 -

5.0E-02 •.

4.0E-021 / I Input Data:-...I- K = 3.8x10· ftIyrDI
::2 n =0.375-c 1=0.023
0

~ 3.0E-02 ..
8, = 8.2, 16.6 ft

... fac = 8.6x10··
c LogKac = 6.74
CD
u
C
0
0

2.0E.Q2 .•.

1000900800700600500

Time (year)

400300200100

O.OE+oo • • • • • • • • -----==1 .. .. .. .. .. .. .. .. .. .. .. !
o

c:~rh\socav\118-05n.xls

000652



Breakthrough Curve
(Benzo(g,h,i)perylene - North)

3.5E-02··...., -----------------------------------j'

-e-X=125ft

-'-X=425ft

5.0E-03·

3.0E-02 •.

2.5E-02···

- I .I I Input Data:-J-at
.=.. 2.0E-Q2 K = 3.8x104 ftIyr
c n =0.3750

1=0.023
~ III = 8.2, 16.6 It...c foc = 8.OX10·4
cu 1.5E-02· .u LogKac =6.2c
0
U

1.0E-Q2···

300270240210180150

Time (year)

120906030
* * * * * * * * •O.OE+OO • • • • • • • F * * • •

o

c:~rh\socav\118-06n.xls

000653



Breakthrough Curve
(Chrysene - North)

---x = 125ft

--.-X =425ft

Input Data:

K =3.8x104 ftlyr
n =0.375
1=0.023
8. = 8.2, 16.6 ft
roc =8.6x1 0.4

LogKoc =5.3

0.30 •.

0.20 ..

1.00-, _. • • • • • ,

0.10·

0.70·

0.80

0.90 .

~Dl 0.60 .•.
:2-C
o
~ 0.50···

1:
II
Uc 040 .•.o .
o

1009080706050

Time (year)

40302010

0.00 • • • -4 .. .. .. .. .. .. .. n..,.... I I I I
o

c:~rh\socav\118-07n.x's

000654



Breakthrough Curve
(Ethyl benzene - North)

300 I I

-+-X = 125 ft

-.-X =425 ft

50

250

200- I I...I I-m I Input Data:

:;,-c K = 3.8x104 ftlyr
0= 150

n = 0.375

g 1=0.023

C
III = 8.2, 16.6 ft

CD
u foe = 8.6x10'"
c
0
0

LogKoc = 2.83

100

54.543.5321.50.5

0_<" I I I I I I I I I I

o

c:~rh'socav'118-08n.xls

000655



100 

90 

80 

70 

-.J - 60 . m 
:::I -C 
0 
~ 50 l! -c 
CD 
u 

40 c 
0 
0 

30 

20 

10 

0 
0 10 

c:~rh\socav\118-09n.xls 

20 30 40 

Breakthrough Curve 
(Fluoranthene - North) 

50 

Time (year) 

60 70 80 90 100 

__ X=125ft 

--.-x = 425 ft 

Input Data: 

K = 3.8x104 ftlyr 
n = 0.375 
1= 0.023 
81= 8.2, 16.6 ft 

fDC = 8.6x10·4 

LogKac = 4.58 

000656



--X= 125ft

--.-X =425 ft

201816141210

Time (year)

Breakthrough Curve
(Fluorene - North)

8642

100

700 .•.

900 '1'----:;::-::;:::::::;==;::::::;::~~;:=:;::::::;:=:::;:~=-=::---=-------i

800 .•-

600-.J-D)
::lI

~ 500 I I I I Input Data:
0

! K = 3.8x104 ftJyr.. n =0.375;400
1=0.023uc 8. = 8.2, 16.6 It

0
foo = 8.6x10·4U

300 .. LogKa. = 3.9

c:\jrh\socav\118-10n.xls

000657



Breakthrough Curve
(Naphthalene - North)

14000 i I

2000

12000 . . - -e-X -125 ft

-.-X =425 ft

I I / I .
10000

-..J-m
~

I Input Data:- 8000 I I Ic
0
~

I I
K = 3.8x104 ftlyrI!..
n = 0.375c

CD
6000 1=0.023u

8, = 8.2, 16.6 Itc
0

fae = 8.6x10'"0

LogKac = 3.11
• II •4000

54.543.532.5

Time (year)

21.510.5
06 • "i" I I I I I I I I I

o

c:~rh\socav\118-11 n.xls

000658



Breakthrough Curve
(Phenanthrene. North)

-X= 125ft

-'-X=425ft

100 •.

500

600

1 :;::::=e • • • • • • ::::::=t • • • • • • ,

400-..J-Dl
:::s I I I- I Input Data:

C
0

~ 300·
K = 3.8x104 ftIyr

.... n=0.375
c 1=0.023
cu
u a, =8.2,16.6 ft
c
0 fac =8.6x1 0.4

0
200

LogK..,'" 4.1

201816141210

Time (year)

8642
o. ~ Ai Ai"""'C"'"":j'" I I I I I I I I

o

c:\jrh\socav\118-12n.xls

000659



Breakthrough Curve
(Pyrene· North)

120 ", ,

-X= 125ft

-'-X= 425 fI

20"

100

- 80T I I I...J Input Data:

Q
:::I- K = 3.8x104 ftIyr
C
0

n =0.375

~
60 .. 1=0.023

1:
8. = 8.2,16.611

IU
faa = 8.6x1 0.4

U
C

LogKo. = 4.58
0
0

40

1009080706050

Time (year)

40302010
o. .. ¥ I I I I I I I I I I I I I I , I I I

o

c:\jrh\socav\118-13n.xls

000660



Breakthrough Curve
(Toluene - North)

__x= 125ft

-.-X = 425ft

200

1000

1~Oi i

800-..J I I I1:h
~

I Input Data:

-c
0.. 600

K = 3.8x104 ftlyr

l!-
n = 0.375

c
1=0.023

CP
u

8. = 8.2, 16.6 ft

c
0

fOG = 8.6x10·4

U
400

Log~=2.41

21.81.6 .1.41.20.80.60.40.2

06 iii ......... I I I I I I I I I I

o
Time (year)

c:~rh\socav\118-14n.xls

000661



Breakthrough Curve
(Xylenes - North)

_X= 125ft

-6-- X = 425 ft

40

80

280

320 I I

.240

II Input Data:
::i 200

K = 3.8x10· ftlyr-a»
n =0.375

:J-
1=0.023

c

8, = 8.2, 16.6 ft

0

! 160

foe = 8.6x10'"-
LogKoc = 2.84

c
CP
uc
0 1200

54.543.532.5

Time (year)

21.50.5

0....." I I I I I I I I I I I I I I I I I I I
o

c:~rh\socav\118-15n.xls

000662



Breakthrough Curve
(Acenaphthene • South)

-e-X=125ft

-'-X .. 400ft

300·

1500 ..

1800 I ___. • • • • • • ~ I • I I I • If'

I Input Data:
1200

I /

K = 2.6x103 ftIyr

::r I

n =0.375

-
1=0.025

DI
:::J

.. = 8.2,16.1 ft

-C
'GO = 8.6x1 ()"4

0

! 900 .

Logl<oc = 3.7

1:cu
uc
0
0

600 .•.

1009080706050

Time (year)

40302010
o_<:oJ .. .. ""T I I I I I I I I

o

c:\jrh\socav\118-01.xls

000663



Breakthrough Curve
(Anthracene - South)

350 ", i

Input Data:

......... X=125ft

--6- X = 400 ft

K =2.6x103 Wyr
n =0.375
1=0.025
a. =8.2,16.1 It
faa = 8.6x1(f4

LogK". =4.1

10090eo706050

Time (year)

40302010

06 • .............. .. .. .. .. .. I -==T= I I I I I
o

100 "

300 •.

50 ."

250·"

~
.:. 200 .•.
Co
~

l!
~
~ 150
C
o
U

c:~rh\socav\118-02.xls

000664



Breakthrough Curve
(Benzene· South)

4000 "I I

3500 .

3000 .•-

2 2500
DI
~-c
o
~ 2000

1:
CD
u
c
8 1500··

1000 .

500

2 3 4 5

Time (year)

6 7 8 9 10

---x = 125ft

-6-X=400ft

Input Data:

K = 2.6x1 03 ftlyr
n =0.375
1=0.025
8,= 8.2, 16.1 ft
fae =8,6x10·4

logKac = 1.81

c:\jrh\socav\118-03.xls

000665



Breakthrough Curve
(Benzo(a)anthracene • South)

0.1 I ,

--X=125ft

--.- x=400 ft

0.0 -.-

0.1 •.

0.1 .- I / I-I Input Data:-Q
~ K = 2.6x1oJ ftIyr-c
0

n=0.375

! 0.1
1=0.025.. .. = 8.2,16.1 It

c '00 = 8.6x10-4CD
U LogKa. = 6.14c
0
U

0.0

1600144012801120960800

Time (year)

640480320160
0.0' • • • • • • • • • • • r:.. .. .. .. .. .. .. !

o

c:~rh\socav\118-04.xls

000666



Breakthrough Curve
(Benzo(a)pyrene - South)

3.5E-Q3 i i

-.-x= 125ft

--.- X =400 ft3.0E-03·

5.0E-04 .

2.5E-03
I T I

- Input Data:

.J-OJ

.2. 2.0E-Q3··

K = 2.6x103 ftIyr

c
n=0.375

0
1=0.025

~
II, =8.2,16.1 n

... f"" = 8.6x10·4

C
CD 1.5E-03

Logl<ac = 6.74

u
c
0
0

1.0E-03

650058505200455039003250

Time (year)

260019501300650
O.OE"OO' • • • • • • • • • • • =1= .. .. .. .. .. .. .. !

o

c:\jrh\socav\118-05.xls

000667



Breakthrough Curve
(Benzo(g.h.l)perylene . South)

3.5E-03 i ,

......-x= 125ft

--Ir- X =400 ft3.0E-D3

5.0E-D4 ~.

2.5E-031

f I Input Dala:-...-at K = 2.6x103 ftIyr
.:. 2.0E-03
c

n =0.375

0 1=0.025

~
8, = 8.2, 16.1 ft.. 'DC = 8.6x1 0.4

C
cu 1.5E-D3 . LogK. =6.2
u
c
0
0

1.0E-D3

200018001600140012001000

Time (year)

800600400200

O.OE+OO' • • • • • • • • • • • --==i • • • • • • • !
o

c:~rh\socav\118-06.xls

000668



Breakthrough Curve
(Chrysene - South)

0.02

0.04

0.16 1,------------------------------.,

0.14
_X=125ft

-.-X = 400 ft

0.12

Input Data:- 0.10..J- K = 2.6lC103 ftlyraJ
:I- n = 0.375
c 1=0.025
0
~ 0.08

81 = 8.2, 16.1 ft
I!... foe = 8.6lC10·4
C
GI LogKoc= 5.3
uc
0 0.06U

300270240210180150

Time (year)

120906030
0.00' • • • • • • • • • • T

o "" "" "" "" "" "" "" "" !

c:~rh\socav\118-07.xls

000669



Breakthrough Curve
(Ethyl benzene - South)

--e-X =125 ft

-A-X =40011

50

250

300 I I

200- I I I I Input Data:..J-CD
~

K = 2.6x103 ftIyr-c
0 n = 0.375

i 150 1=0.025.. 8, = 8.2, 16.1 IIc
CD foe = 8.6x10'"uc LogKoc = 2.830
0

100

403632282420

Time (year)

161284

Oil ......., I I I I I , I I I

o

c:~rh\socav\118-08.xls

000670



Breakthrough Curve
(Fluoranthene - South)

70 i i

1009080706050

Time (year)

40302010
o. . . . . . . .--. . . . . . . . . . . . ~

o

10

60 I J I __x= 125ft

-6-X = 400 ft

I / I .
50

-.J-DJ
::J
-; 40 I / I Input Data:
0=

/
K = 2.6x103 ftlyrl!.. n = 0.375c

cu 30 i =0.025CJc 8, = 8.2, 16.1 ft0
0 foe =8.6x10·4

- LogKoc =4.58
20

c:~rh\socav\118-09.xls

000671



Breakthrough Curve
(Fluorene. South)

900 i I

---x = 125ft

--'-X=4ooR

Input Data:

K = 2.6x103 ftIyr
n = 0.375
1=0.025
8,=8.2,16.1 ft

foe =8.6x1 0.4

Logl<ac =3.9

1009080706050

Time (year)

40302010

o' .,............ .. .. ............ I I I I I I I
o

300 .•.

200

100 .

800

600

700

~
c:JI
~-c 500
o

~., 400 .•.
uc
o
o

c:~rh\socav\118-1a.xls

000672



Breakthrough Curve
(Naphthalene· South)

1~OOi i

2000···

403632282420

Time (year)

161284
0......... • - I I I I I I I I I

o

c:~rh\socav\118-11.xls

000673



Breakthrough Curve
(Phenanthrene· South)

-X= 125ft

-'-X=400R

100 ...

500 .

600, • • • • • • • T- .

400-..J-01
I .1 ./ I Input Data::I-C

K = 2.6x103 ftIyr0

~300 n= 0.375... 1:11 0.025C
CD 8. = 8.2,16.1 ftu

'aa = 8.6x10-4C
0

logK..c = 4.1U
200 ..

1009080706050

Time (year)

40302010
OA • ............. .. .. .. .. .. 0 -, I I I I I

o

c:~rh\socav\118-12.xls

000674



Breakthrough Curve
(Pyrene - South)

80 I i

70··-

60·

::J 50·.·
Q
~-c
o
~ 40···

1:
CD
u
c
o 30 .•.
U

20···

10·"

-.-x= 125ft

-+-x =400ft

Inpul Dala:

K = 2.6x103 ftlyr
n =0.375
1=0.025
81 = 8.2, 16.1 ft
fac =8.6x1 0.4

LogKac =4.58

1009080706050

Time (year)

40302010
o. . . . . . . r==. • • • • • • • • • • • !

o

c:\jrh\socav\118-13.xls

000675



"'

Breakthrough Curve
(Toluene· South)

1200 ...., ---------------------------------------------l'

__X= 125ft

--.-X =400 ft

200···

1000

800- I I r I InpuIDala:
.J-C»
:::I

/ /
K = 2.6x103 ftlyr-c n = 0.375

0
~ 600 1= 0.025
l'! 81 = 8.2, 16.1 ft..c foe = 8.6x10-4CD
CJ
C
0
0

400

201816 .141210

Time (year)

8642
O. ... I I I I I I I I I

o

c:~rh\socav\118-14.xls

000676



; -.. • .....

Breakthrough Curve
(Xylenes - South)

-.-X = 125ft

-.-X = 400ft

40

80

280

320 I i

240

I I Input Data:

K =2.6x1 0:S ftlyr
n =0.375

:::r 200

i =0.025

m

81 =8.2, 16.1 ft

:I-
foe =8.6x10·4

C
0

LogKoc = 2.84

:;::3 160l!..
c
CDu
C
0 1200

201816141210

Time (year)

8642

O_:c::::::>1 • A ==+ I I I I I I I I I I I I I I I ,

o

c:~rh\socav\118-15.xls

000677



, 

APPENDIX E 

SCENARIO 2 - SENSITIVITY ANALYSIS 
(NORTHERN AREA) 
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Breakthrough Curve
(Naphthalene. North)

14000 r-.-----------------------------------l'

_n=0.25

--.- n = 0.375

_n=0.5

201816141210

Time (year)

8642

O••~ I I I I I I I I , I I , , I , , J I
o

2000

12000

I Input Data:

_ ooסס1 I !II
K = 3.8x104 ftlyr
1=0.006
8, = 16.6 ft

-I

-4

a

foe = 8.6x10

:=I 8000

LogKoc = 3.11

-c
X = 425 ft

0

!...
c::

6000 .CD
U
C
0
(J

4000

c:~rh\socav\118-11n.nnn

000679



r

Breakthrough Curve
(Naphthalene - North)

14000 i I

12000·

__ n = 0.25

-'-n=0.375
-e-n = 0.5

2000·

1000090008000700060005000

Distance (ft)

4000300020001000
01 I I I I I , ii' I I I j ....... ~ ...... ••

o

c:\jrh\socav\118-11n.nnn

000680



Breakthrough Curve
(Naphthalene. North)

14000 I i

2000 .•.

12000 + J- ~ ~ I -dlsp=5ft

-'-dlsp = 15 ft

-disp=25ft

I ,
~/ I

ooסס1

-.J-CD
:::::I- 8000 t 1// Ic Input Data:
0

i

~t /
K = 3.8x10· ftlyr.... n = 0.375c

CD 1=0.006uc foo = 8.6X1 tr40
u LogKoo = 3.11

X = 425 ft
I .1/1 I

4000

1098765

Time (year)

432
O. . . F...... e I I I I I I I I

o

c:\jrh\socav\\118-11 n.dsp

000681



Breakthrough Curve
(Naphthalene. North)

14000 i i

12000 + '\.\.\ I ---- disp = 5 ft
-+-dlsp = 15 ft

I
-dlsp = 25ft

\\\ I .
ooסס1

-.J-ga I \\\ I Input Data:
- BOOOc
0 K = 3.8x10· ftlyr

! n = 0.375.. 1=0.006c
GJ

6000 fae = B.6lC.1o-tu
c LogKac = 3.11
0
(J t=50y

4000

2000 _.

oo9000BOOO70004000סס1 5000 6000

Distance (ft)

300020001000
o I I I I I I I I I I I I I I::"""" =- • • • • •

o

c:\jrh\socav\118-11 n.dsp

000682



Breakthrough Curve
(Naphthalene· North)

14000 I I

_k=7174

--.- k = 22662

_k=38150

403632282420

Time (year)

161284

O. ........ . . ....,-: 1 I I I I I I I I I I I I I I
o

2000·

12000

10000

- I j / / I Input Data:
...I-m
~ 8000 - n = 0.375-c 1=0.006
0

i
81 = 16.6 ft.. foe = 8.6x10'"

c
CD 6000 LogKoc = 3.11
uc X = 425 ft
0
(.)

4000

c:~rh\socav\118-11n.kkk

000683



Breakthrough Curve
(Naphthalene. North)

14000 " i

__k=7174

--.- k = 22662

_k=38150

2000

12000 •.

10000 . .

- Input Data:

...J-m
~- 8000 .

n = 0.375

c
1=0.006

0

!
8, = 16.6 ft

-
foe = 8.6x10'"

c
CD

LogKoc = 3.11

u 6000c

t= 50 Y

0
0

4000

800072006400560048004000

Distance (tt)

320024001600800

o , I I I '=::::00. • • • • • • • • • • • • ==w- • •
o

c:~rh\socav\118-11 n.kkk

000684



Breakthrough Curve
(Naphthalene - North)

14000 "r'------------------------------------.

-e-i = 0.00176

-.- i = 0.00382

_i=0.00588

302724211815

Time (year)

12963

0_< • .. • ,. I I I I I I I I I I I I I I I I
o

2000···

12000

10000

- I I I I I Input Data:
..J-m
::lI 8000 . K = 3.8x10" ftlyr-c n = 0.3750

! al = 16.6 ft.. fac = 8.6x10'"c
CD 6000 LogKac = 3.11uc X = 425 ft
0
U

4000

c:~rh\socav\118-11n.iii

000685



Breakthrough Curve
(Naphthalene - North)

14000 f'----------------------------------,

_i = 0.00176

-.- i = 0.00382

_i=0.00588

1000090008000700060005000

Distance (tt)

4000300020001000
01 I I I I -=-- ••• P- ••••••

o

2000·

12000·

10000

- I \ \ \ I
.J

Input Data:

-CD
:::J K = 3.8x104 ftlyr- 8000c
:8

n = 0.375

l!
81 = 16.6 yr

.. foe = 8.6x10-4

C
CD

6000

LogKac = 3.11
Co)
C

t = 50y

0
U

4000

c:~rh\socav\118-11n.iii

000686



Breakthrough Curve
(Naphthalene. North)

14000·. I

_ foe = 0.00086

--6- foe = 0.0032
___ foe =0.0057

504540353025

Time (year)

2015105
a*' • .,<:. rill="" i I I I I I I I I I I I I I I I

o

2000

12000

10000

- I I / I I Input Data:

=:::!m K = 3.8x10" ftIyr:::I 8000-c n = 0.375
0 1=0.006

! 8, = 16.6 ft..
c Logl<oc • 3.11• 6000 .u X=425
c
0
0

4000···

c:~rh\socav\118-11n.foc

000687



Breakthrough Curve
(Naphthalene· North)

14000 I I

-.- foc=0.00086

......- foc=0.00328

_ foc=0.0057

700063005600490042003500

Distance (ft)

280021001400700

o , I i I I-='_ a- _ _ _ _ _ _ _ _ _ _ _ _ •
o

2000

12000

10000 I
\ \ \ I Input Data:-

K = 3.8x104 ftlyr

.J-aa
n = 0.375

:::lI- 8000·

1=0.006
c

8. = 16.6 ft
0

!
Logl<ac = 3.11...
t = 50y

c
CD

6000·Co)
c
0
U

4000·

c:~rh\socav\118-11n.foc

000688



APPENDIX F 

SCENARIO 2 - SENSITIVITY ANALYSIS 
(SOUTHERN AREA) 

ICI.VENVllIOMWENTAL 

~I'~TED 

000689



Breakthrough Curve
(Naphthalene· South)

14000 T'---------------------------------------------.,

_n=0.25

""-n=0.375

_n=0.5

2000

12000

I Input Data:

_ ooסס1 I /1/
K" 2.6x10' ftlyr
1=0.006
a, = 16.1 ft

~

-4foe; =8.6x10

~ 8000

LogKoc: = 3.11

-c
X =400 ft

0

~..c
6000 .CD

U
C
0
0

4000

200180160140120100

Time (year)

80604020
O•••<6""4 I I I I I I I I I I I I I I I I I

o

c:~rh\socav\118-11s.nnn

000690



Breakthrough Curve
(Naphthalene· South)

14000 , ,

_n = 0.25

-'-n=0.375

_n=0.5

2000 .

12000

10000· .

-
Input Data:

.J-aJ
~- 8000

K = 2.6x103 ftlyr

c
0

1=0.006

=
al = 16.1 ft

g
c

foe = 8.6x10-4

CD

LogKoc = 3.11

u 6000c
t= 50 Y

0
U

4000 -

1000900800700400 500 600

Distance (ft)

300200100
01 I I I I I I I I I I ~ •••• • -"

o

c:~rh\socav\118-11s.nnn

000691



Breakthrough Curve
(Naphthalene· South)

14000 I I

2000

12000 I / ~~ I -dlsp=5ft

-+- dlsp = 15 ft

-dlsp = 25ft

I / / J' I
10000

-..J-aJ
:lI- 8000 t III I Input Data:c
0

! I
K = 2.6x1 03 ftIyr.. n = 0.375c

CD 1=0.006u 6000· .c foc = 8.6x1 tr4
0

" LogKoc = 3.11
X = 400 ft

I /11 I
4000

20018016014012080604020
O. . "'E:'" I I I I I I I I I

o

c:~rh\socav\\118-11s.dsp

000692



Breakthrough Curve
(Naphthalene - South)

14000 I ,

2000

12000 -I- ...............- ............ '\.

I

I --disp=5ft

~, \
-'-dlsp = 15 ft

ooסס1

-dlsp=25ft

I .

-..J- Iaa \.~ \
:::lI
- 8000 -c

I

0

Input Data:

~..
K = 2.6X1 03 ftJyr

C
u

n =0.375

u 6000c

1=0.006

0

foo = 8.ex10·4

0

LogKa. = 3.11
t = 50y

4000

1000900800700400 500 600

Distance (ft)
300200100

01 I I I I I I I I I I ......... =-t= T= •••• ••
o

c:~rh\socav\118-11 s.dsp

000693



Breakthrough Curve
(Naphthalene· South)

_k=675.45

-.-k = 1643.86

_k=2612.28

400360320280240200

Time (year)

1601208040

o.=c. ~ . . f I Iii I , I I I I , I , I I
o

2000

12000

14000 I I

10000

- I f / / I Input Data:
..I-D)
~ 8000 n = 0.375-c 1=0.006
0

i 81 = 16.1 ft.. foe = 8.6x10-4
C
CD 6000

LogKoc .. 3.11
Co)
C X=400ft
0
0

4000

c:~rh\socav\118-11s.kkk

000694



Breakthrough Curve
(Naphthalene· South)

14000 T'-------------------------------------"

_k=675.45

-.-k =1643.86

_k =2612.28

2000·

12000

10000

I \ \ \ I Input Data:-...J-CD n = 0.375
~- 8000 1=0.006
C 81 = 16.1 It0

! fac = B.6x10'".. LogKoc = 3.11c
CD

6000 t= 50 Yuc
0
0

4000

1000900800 .700600500

Distance (ft)

400300200100

0·1 I I I ,===-- -.- ••••• ••
a

c:~rh\socav\118-11s.kkk

000695



Breakthrough Curve
(Naphthalene. South)

14000 I I

_i = 0.00257

....-i = 0.00414

_1=0.00571

200180160140120100

Time (year)

80604020

o. . .r<a.............. • --=T I I I I I I I I I I I I I I
o

2000

12000

10000

- I ! I / I Input Data:
...I-aJ
::::I 8000 K = 2.6x103 ftlyr-c n = 0.375
0= 81 = 16.1 ft
l! foe: .. 8.6x10'"..c
CD 6000 LogKoc: = 3.11
CJc X=400ft
0
0

4000

c:~rh\socav\118-11s.iii

000696



Breakthrough Curve
(Naphthalene· South)

14000 i ,

_i=O.00257

.........-i = 0.00414

_i=0.00571

2000

12000

10000

-
Input Data:

-I-OJ
::I- 8000

K = 2.6x103 ftlyr

c
0

n = 0.375

;I

8. = 16.1 yr

l!...
foe = 8.6x10....

c
CD

LogKoc = 3.11

u 6000··c
t= 50y

0
0

4000·

1000900800700600500

Distance (It)

400300200100
01 I I I I I I -.,..- •• r •• -.-- ••••• ••

o

c:~rh\socav\118-11s.iii

000697



Breakthrough Curve
(Naphthalene· South)

1~01 I

__foe = 0.00086

-.-foe = 0.0032

_ foe =0.0057

2000 •.

12000 .

10000

- I I f /' I Input Data:
.J-CD K =2.6x103 ftlyr:s 8000-c n = 0.375
0 1=0.006

~ B. =16.1 ft- LogKac = 3.11c
CD 6000u X = 400ft
c
0
0

4000

500450400350300250

Time (year)

20015010050

0........ . ......... . ==='T' I I I I I I I I I I I I I I
o

c:~rh\socav\118-11s.foc

000698



Breakthrough Curve
(Naphthalene· South)

14000 , I

_ foc=0.00086

......... foc=0.00328

_ foc=0.0057

2000 o.

12000

10000

- I \ \ ~ I Input Data:...-m K = 2.6x103 ftIyr~- 8000·· n = 0.375c
0 1=0.006

i 8.= 16.1 ft- LogKoc = 3.11c
~

6000 t= 50y()
c
0
U

4000·

700630560490420350

Distance (tt)

28021014070

01 I I I I ,......,. ~ •••••••• • ;::-1 •
o

c:~rh\socav\118-11s.foc

000699



\ 

APPENDIX G 

SCENARIO 3 - BEST CASE SIMULATIONS 
(NORTHERN AREA) 

000700



Breakthrough Curve
(Acenaphthene - North)

2100 ·'r-----------------------:.------------------.,

1800 ..

1500 .•.

~
.:. 1200
c
o
~

l!
1:
B 900··
c
o
CJ

600

300···

---X = 125ft

-'-X=425n

-X=650n

Input Data:

K= 7.2x1 03 Rlyr
n = 0.375
1=0.002
al =0.8, 1.7,
2.0n
foe = 5.7x10·3

logKoc = 3.7

550049504400385033002750

Time (year)

220016501100550

0...... . . . ......... . . - I I I I I ,

o

c:\jrh\socav\118-01 nc.no

000701



Breakthrough Curve
(Acenaphthene - North)

1800. i

1600 •.

1400 .•.

1200 .•.
:::r-Dl
:::I-c 1000 "•.
o
~
1:5 800··
c
o
o

600 .•.

400 ..

200 .•-

--t =25yr

-6-t = 50yr

-1=75yr

Input Data:

K= 7.2x103 ftlyr
n =0.375
1=0.002
8,= 107ft
'ac =5.7x10·3

LogKac =3.7

504540"353020 25

Distance (ft)

15105
0-1 I I I I I =T:=- ••• ::-t- •• T •••••••

o

c:~rh\socav\118-01 nc.no

000702



Breakthrough Curve
(Anthracene. North)

~I I

-X=125ft

-6-X =425ft

-X=65Oft

K =7.2x1 01 ftIyr
n = 0.375
1=0.002
iii =0.8, 1.7
2.0ft
foe = 5.7x10·1

LogK... =4.1

Input Data:

140001260011200980084007000

Time (year)

5600420028001400

0..... .. • • • .......... • .,/ I I I I I I
o

250 .

300

100 .

50···

~
.:. 200 .0­

c
o

!c
fI 150··
c
oo

c:\jrh\socav\118-02nc.no

000703



--t=25yr
--6-t· SOyr

-t-75yr

Input Data:

K = 7.2x10' ftIyr
n = 0.375
1=0.002
lit =1.7 ft

foe =5.7x10·'
LogKac =4.1

Breakthrough Curve
(Anthracene - North)

350 -I~~-------------------------~----------------I

250

100 _.

300

50·

~
:s
- 200·"c
o
+:
I!..
c
8 150·'­c
o
o

201816141210

Distance (ft)

8642

o ·1 I I I I I I I =1'::= , • • ;:::-- • • • ~ I • • •
o

c:~rh\socav\118-02nc.no

000704



Breakthrough Curve
(Benzene. North)

~~ I

4000·

3500

3000 -..

:J'
0.
::J
~ 2500
o

~
~c» 2000··
uc
8

1500 .

1000 .•.

----X =125ft

-6-X= 425ft

-X=650ft

Input Data:

K =7.2x10' ftIyr
n =0.375
1=0.002
8.= 0.8,1.7,
2.0ft
foo =5.7x1 0"
LogKoa = 1.81

20 40 60 80 100

Time (year)

120 140 160 180 200

c:~rh\socav\118-03nc.no

000705



Breakthrough Curve
(Benzene· North)

~i i

3500

3000

22500
OJ
~-c
o
;::
l! 2000...
c
CP
u
c
oo 1500 .•.

1000

500 .

--t=1yr
.....-t=5yr

-t=10yr

Input Data:

K =7.2x1 03 ftIyr
n=0.375
1=0.002
a,= 107ft
f"" =5.7x1 0.3

LogK.,. = 1.81

20018016014012080 100

Distance (ft)

604020
01 I 1:-' ••••• ~ •••••• =-- •• • III

o

c:~rh\socav\118-03nc.no

000706



Breakthrough Curve
(Ethyl benzene - North)

-e-X =125ft

--.-X =425 ft

_X-650ft

50

250

300 i i

200·- I I ~ I I Input Data:..J-m
~

K = 7.2lC103 ftlyr-c
0 n =0.375
;3 150 1=0.002l!- 8, = 0.8.1.7c
C\) 2.0 ftu

foe = 5.7lC10·3C
0
0 LogK =2.83

100

800720640560480400

Time (year)

32024016080

O•• ~r ~ I I I I I I

o

c:~rh\socav\118-08nc.no

000707



Breakthrough Curve
(Ethyl benzene· North)

-.-t= 25yr

-6-t = 50yr

_t=75yr

50

300 I I

250

200 ·1 \ ~ \.- I Input Data:-..J- K = 7.2x10' ftlyrm
:J- n = 0.375
c 1=0.0020
~

150 . a.=1.7ft
l!- fae =5.7x1D"c
CD LogKac = 2.83u
c
0
0

100

200180160140120100

Distance (ft)

80604020
01 I I I I I I ~ ••••===6 ••• r I • ••

o

c:~rh\socav'118-08nc.no

000708



Breakthrough Curve
(Fluorene - North)

Input Data:

-.-x= 125ft

-+-x =425 ft

-X=650ft

K = 7.2x1 0' ftIyr
n= 0.375
1=0.002
a. = 0.8, 1.7,
2.0 fl
foc =5.7x10·'
logKoc =3.9

850076506800595051004250

Time (year)

340025501700850

1000 .

900

800

700···

-.J-CI 600
:::J-c:
0
; 500I!-c::
CD
u
c: 400···
0
U

300

200

100

0
0

c:~rh\50cav\118-1 One.no

000709



Breakthrough Curve 
(Fluorene - North) 

mID r---------------------------------------------------------------------------------~ 

:r -CI 
:l -c 
o 
+:: 
l! .. c 
CD 
U 
C 
o 
U 

800 

400 

100 

o 

c:~rh\socav\118-1 Onc.no 

4 8 12 16 20 

Distance (ft) 

24 28 32 36 40 

---t=25yr 
~t"50yr 

-t=75yr 

Input Data: 

K = 7.2x1 03 ftlyr 
n=0.375 
1=0.002 
B,=1.7ft 

fae = 5.7x10·3 
logK...= 3.9 

000710



Breakthrough Curve
(Naphthalene - North)

14000 , i

12000 I I / / I -e--X = 125 fl

-.-X = 425ft

_X=650ft

I I I / I .
10000

-..J-OJ
:::J- 8000 I I I I Ic Input Data:
0
~

I I I
ca K=7.2x103 ftlyr...-C n =0.375
CIJ

i =0.002u 6000c
a, =0.8,1.70

0 2.0 fl

fae =5.7x10·3

4000 I 1 I I I LogKac = 3.11

140012601120980840700

Time (year)

560420280140

0..... • • • • • 41 • • • ! ! I ' ,

o

2000

c:\jrh\socav\118-11nc.no

000711



Breakthrough Curve
(Naphthalene - North)

2000

14000 'r-----------------------------------------------.,

12000 I "- ~ ---........ I -.-1= 25 yr

-.-1= 50yr

I \
,_1=75yr

" "- I
10000

-..J-m I \ \ \. I Inpul Dala::::J- 8000
c
0 K = 7.2x103 ftlyr
~
III n = 0.375..... 1=0.002c
CD

6000 8.=1.7ftCJ
C fae = 5.7x10·30
U LogKac = 3.11

4000

1009080706050

Distance (ft)

40302010

o I !" ::::a.... • • • • • ==e • • • • i =='I
o

c:~rh\socav\118-11 nC.no

000712



Breakthrough Curve
(Phenanthrene· North)

700·,.....------------------------------1'

.-. • • • • ... a a a a> • _. • • • •600

500

~
C)

2. 400
c
o..
l!­c
~ 300 ..
c
o
U

200 ..

100

-+-X = 125 n

-6-X=425n

-.-X=650n

I"put Data:

K = 7.2x1 03 ftlyr
"= 0.375
1=0.002
8. =0.8, 1.7,
2.0ft
fac = 5.7x10·3

logK.. =4.1

1215010800945081006750

Time (year)

5400405027001350
Ok • • • • • .. • • • I I I I I I

o

c:\jrh\socav\118-12nc.no

000713



Breakthrough Curve 
(Phenanthrene - North) 

600._----------------------------------------------------------------------------------, 

~ 
CI 
:l 

C 
o 

500 

400 

~ 300 -c 
CD 
U 
C 
o 
o 

200 

100 

o 

c:\jrh\socav\118-12nc.no 

3 6 9 12 15 18 21 24 27 30 

Distance (ft) 

---t=25yr 

-.-t=50yr 

~t=75yr 

Input Dala: 

K = 7.2x10' flJyr 
n = 0.375 
1=0.002 
BI=1.7ft 
foe = 5.7x1 0·' 
LogKoc = 4.1 

000714



Breakthrough Curve
(Toluene - North)

__x= 125ft

--.- X = 425 ft

-x =650ft

200

1000

1200 I I

800

::i I , , I- I Input Dala:
m
:J-c K =7.2x103 ftIyr
0
~ 600

n =0.375

t!- i =0.002

C 81 =0.8, 1.7.
m
u 2.0 ft
c
0 foe =5.7x10·3

0
400

LogK =2.41

400360320280240200

Time (year)

1601208040
0.... • . .~ . .=:.....' I ii"

o

c:\jrh\socav\118-14nc.no

000715



Breakthrough Curve
(Toluene - North)

_1=5yr

-6--1 = 10yr

_1= 15yr

200

1000

1200 I i

800 I '\ 'to. " I Input Data:

::J- K = 7.2x103ft1yrCI
:::J- n = 0.375
c i = 0.002
0

:0:;
600

8,= 107ft
l!... foe =5.7x10·3
C
CD logKoc =2.41
u
c
0
U

400

1009080706050

Distance (ft)

40302010
o I I I I T':=e • • • • ::==t • • • ;:::: • • •

o

c:~rh\socav\118-14nc.no

000716



Breakthrough Curve
(Xylenes - North)

-e-X = 125ft

"""-X=425ft

_X=650ft

80

40

240

I320 I ~

280

- 200
. Input Data:

.Jm
:J K = 7.2x103 ftlyr-£:
0

n = 0.375

:w 160
i=0.002

I!... 81 = 0.8.1.7

c
u

2.0 ft

u
£:

fae = 5.7x1 0.3

0 1200
LogKac = 2.84

800720640560480400

Time (year)

32024016080

Olllk: • • • • ......... • • ""T ! I I I I I '

o

c:~rh\50cav\118-15nc.no

000717



Breakthrough Curve
(Xylenes - North)

-.-t= 5 yr

......-t= 10yr

_t= 15yr

50

300

350 I i

250

I \ " "- I Input Dala:-..J- K = 7.2x103ft1yrOJ
:s
- 200 n = 0.375
c i = 0.0020
:w 8.=1.7ft
l!... fae = 5.7x10.3
C
CQ LogKac :: 2.84U 150c
0
U

100

504540353025

Distance (ft)

2015105

o I .:=::==. • • • ~. • • ...--- • • • III
o

c: \jrh\socav\118-15nc.no

000718



APPENDIX H 

SCENARIO 3 - BEST CASE SIMULATIONS 
(SOUTHERN AREA) 

000719



Breakthrough Curve
(Benzene - South)

4500 i I

4000 .

3500

3000 .

~
:::s-c 2500
o
~

l!-; 2000 .•.
u
c
o
U

1500 .•.

1000 o.

500

--X= 125ft

-6-X =400ft

-X=8ooft

Input Data:

K = 6.8x102 ftIyr
n = 0.375
, =0.003
8,= 0.8, 1.6,
2.2 ft
foc = 5.7x10·3

LogKoc = 1.81

1100990880770660550

Time (year)

440330220110
0.... . . ............ . . .'1 1 1 I I I I

o

c:\jrh\socav\118-03nc.so

000720



Breakthrough Curve
(Benzene· South)

4000. I

3500 .

3000

:r_ 2500 .•.
0)
::J-C
o
~2ooo...
c
CD
u
Coo 1500 .•.

1000 ~-

soo

--'-l=5yr

-A-l=15yr

-l=25yr

Input Data:

K= 6.8x102 1t1yr
n =0.375
1=0.003
a,= 1.6 n
foo =5.7x1 0.3

LogKac =1.81

1009080706040 so
Distance (ft)

302010
o ., I I I .. • • • • =-- • • • -.--- • • • • • • •

o

c:~rh\socav\118-03nc.so

000721



Breakthrough Curve
(Ethyl benzene - South)

_X= 125ft

-6-X = 400ft

_X=800ft

750067506000525045003750

Time (year)

300022501500750
0... • • .=.. . . ... I I I I I I

o

50

250

300 i i

200- I , I I I Input Data:-'-en
::J

K = 6.8x1OZ f1Jyr-c
0 n = 0.375
;I 150 1=0.003l!.. 8. = 0.8,1.6,c
Q) 2.2 ftu
c foc = 5.7x10·3
0
0 LogK = 2.83

100

c:~rh\socav\118-08nc.so

000722



Breakthrough Curve
(Ethyl benzene - South)

-e-t=25yr

-6-t = 50yr

_t= 100yr

50

300 I i

250

200 I \ \. • I Input Data:

::r- K = 6.8x102 ftlyrm
:1- n = 0.375
c 1=0.0030:w

150
81 = 1.6 ft

l!... fae =5.7x10·3

C
CD LogKac = 2.83u
c
0
0

100

504540353025

Distance (It)

2015105

o I I I I I I:::=t-- • • ::::-=-. • • • • ;:=--w • • • ~
o

c:~rh\socav\118-08nc.so

000723



Breakthrough Curve
(Naphthalene - South)

2000

14000 I i

12000 I I I ~ I --.-x = 125 ft

-A-X = 400ft

I I
__X = 800ft

I I I .
10000

--I-Q
:J- 8000 I , I Ic I Input Data:
0

:t:S

I ! !
l! K = 6.8x102 ftlyr..c n = 0.375
CD
u 6000 1=0.003
C

81 = 0.8, 1.6,0
U 2.2 ft

foc =5.7x10·3

4000 I I , I I LogKoc = 3.11

140001260011200980084007000

Time (year)

5600420028001400

0.... • • .<:. . . ... I I I I I

o

c:~rh\socav\118-11nc.so

000724



Breakthrough Curve
(Naphthalene - South)

14000 i ,

2000

12000 1\ .......... --......... I ......-.t= 50yr

-.-t .. 100 yr

_t= 150yr.
10000.1.

\ '\. , I

--I-OJ I \ \ \. I Inpul Data::::J- 8000
c

K = 6.8x102 ftlyr0
~

l! n =0.375.. 1=0.003c
II)

6000 8,= 1.6ftuc
foe = 5.7x10·3

0
U LogKoc .. 3.11

4000

504540353025

Distance (ft)

2015105
01 I I i I I =T== ••• =-t= • • ;::--1 ••••••

o

c:\jrh\socav\118-11 nc.so

000725



Breakthrough Curve
(Toluene - South)

-x = 125ft

-A-X = 400 ft
___ X = 800ft

200

1000

1200 i I

800
Input Data:-
K = 6.8x102 ftlyr

...-
n =0.375

m
:J

1=0.003-c
8. = 0.8,1.6,

0
;J 600

2.2 ftI!
'DC = 5.7x10·3

..
C
CD
U
C
0
U

400

300027002400210018001500

Time (year)

1200900600300

0.... . . ...... . . ......... I I I I I I

o

c:~rh\socav\118-14nc.so
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Breakthrough Curve
(Toluene - South)

1200T'--------------------------------------.,

__t=25yr

-.-t= 50yr

_t"75yr

200

1000

800 I \ "- "- I Input Data:-..J- K = 6.8x1oZ ftIyrm
:s- n = 0.375
c 1=0.003
0
~

600
81=1.6ft

l!
1: foe =5.7x10·3

CD LogKoc = 2.41
uc
0
(J

400

1009080706050

Distance (It)

40302010

01 I I I I I~ • • .........- ••• =w= _ ••••••
o

c:~rh\socav\118-14nc.so

000727



Breakthrough Curve
(Xylenes - South)

____x = 125 ft

-tr-X = 400 ft
__x=800ft

240

280

320 I .--.................................

- . . . . Input Data:
....I 200m

.
.:. K = 6.8x10Z ftIyr

c
0

n = 0.375

:w 160
i= 0.003

l!.. 81 = 0.8,1.6,

c
CD

2.2 ft

u
c

foe = 5.7x10·3

0 1200
LogKoe = 2.84

80

40

80007200640056004800320024001600800
0.... • . ...... . . . =. I I I I I I I I I I I I

o

c:~rh\socav\118-15nc.so
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Breakthrough Curve
(Xylenes - South)

-.-t= 25yr

-.l-t = 50 yr

_t=75yr

80 •.

40

240

320 , ,

280

Input Data:-
K =6.8x102 ftlyr

..J 200-m
n =0.375

:I-
1=0.003c

8, =1.6 ft
0

:t:J
160 .

foe. 5.7x10·3
l!-

LogKoc = 2.84
c
CD
uc
0

1200

504540353025

Distance (ft)

2015105
o ·1 I I I • • • ==- • •--. • • • • • • • • • •

o

c:~rh\socav\118-15nc.so
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APPENDIX I 

SCENARIO 4 - BIOSCREEN SIMULATIONS 
(NORTHERN AREA) 
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gl~7ED 
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.-

III••

Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

.' View of Plume Looking Down

.Varigble"--=:..:Oata used directly in model.
"·-.Valtie calculated by model.

(Don't enter any da(a),

Data Inpl!t Instruction$:

[}]]:].,,+1. en.ter value directlv.... or
.'Qr:'" .'. 2.C,alculste by filling' in grey

.~tl:'\9' .dells below. (To r$store
, ..... formulas, hit button below).'

Observed Centerline Concentrations at Monitoring Wells
If No Data Leave Blank or Enter "0" ,

South Cavalcade
NorthAre"iI '.' ... "' ...

Acenaphfhene

.4

RUN ARRAY
RUN

CENTERLINE

,8., CHOQSE TYPE OF OUTPUT TO SEE: ..

'I'

I 7

Source Decay (see.Help): .
SourceHalflife* (yr)
. Soiuble Mass

i-L----;
. In NAP!,., Soil (Kg)

. 5. ~ENEtit\L
MO'deled Area' Length*

,. Mod.eled Area Width*
. Simulation Time*

. ·6.'SOU-R'CEOATA
:.SourceThickness in sat.Zone*[JIJ(ft) . Vertical Plane.Source: l,.ookat PlumeCross-Seclion
. . Sour<;:e Zones: . . .-e---' and Input Concentrations & 'Alidths

Width* (tt) lCone. (mg/Lt .~-- for Zones 1, 2,an~3.
i

(kg/l)
(LJkg)"
(.:.J, ".,

I ... -- 1(-)

1;0;:' ._- . - I(peryr)' , .

00
6.6 (ft)

0.0 (ft)
0.0 (ft)

R

Vs

alpha x

alpha y
alphaz

K
i
n

.Lp .

;~,: -

\:. ~~'!''':':''

3; ':AOSORPTION
Retard$tioriFactor--

.,·or
~irBl(I,kD~nsity. rho .
partit,.on'C~fficreht· Koc ..

Fta~ionOrg~rliecarbon ." ,foe
, :~':. :';[;., .'- '~"~i~

~:'D!~fl€RSION .
LpngitiJdinal Qispersivity*

Trao5ve:rse Oispersivity*
Vertica(DiS:p~rslvity*.~

.or
EstirnatedPlume Length .

1~"'HYdR0GEOlOGY'
S~page Velocity* .

{\ . or, ..
Hydraulic Conductivity ;.

Hyd~uJic G~dient
P6r6~ity'· . , .'

:BIOSCREEN'Natu.ral· Attenuation 'Decision Support System
Air,'FQr;Ce Center ror EnvirQnmentalExcellence. ..' . V~rsiQ;'1.3

S'-;

4:-"SIOOEORAoATION
1S't:OtdElf :oe6ayCoetr* . lambda:

"". 'or
Solut;'H~If:Life,.t-'half
or;lifsiiintiJrleousReactlon M¢e/' ..

D~lta'Oxygeh" DO ~(mglL)
Deit?i';Nltrate*. N03 . (mg/L) .

O.bs.erv..·.'e,·..d Ferrous .Iron* Fe2+ (mglL)
Del~a'. SUlfate* '.S04(mg/L)
0~serVed M~thane* CH4' (mg/L)
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~.

0.000

0.015

0.053

0.000

0.053

0.000

0.147

298 .:.

0.333

0.333

0.001

, ; ~,;

0.004

0.065

0.619

0.011

0.965

0.030

1.294

0.083

1.541

0.232

1.685

.' vZ;··..;hsta[1t~~~~~$~~e~~~iO~

0.643

1.752

1.752

DISSOL¥ED A<lliNAPHTHENE CQNCENtRAnONALONGPLUMECENTEltUNE :.NOR';·
, ".· " ~,L',' , "., .... ' ,,' "~\·':;~,_t:.:,:.:~"

1.785

1.785

Calculate
Animation

1:8oo'i> .... .C'.;.;" .... ;,;::.;... .... x,

1::600:,r< •
1.400

··i:S';'1'.290
l:f;~lWOO

"':'g~J~~~;

2'~j~~;:~ ""..,j. ":J ,',X'~ #.' .0 . i..., "",' •,I,ii,." •,., ,,1. !!; ....A .., .;;. J' kt,<.~.,"" """~'";,' ,.J.~
o
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,

,l

1';.1

450

'~

. \;. :~

';.'

-," 200'; °'2$0;-,

ViI~talt1Ce- From. Sou'rc~ -(fb ~~:..

0.067

0.339 0.183 0.098 0.053 0.029 0.015 0.008 0.004 0.002 0.001 0.001 I ,
I

~" ,"

0.339 0.338 0.336 0.331 0.319 0.297 0.263 0.217 0.163 0.110 0.067

0.001
',,' ,

Calculate
Animation
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,

• -l

'Blo~eREEN''Nattiral''Atten~atl'on'':D&cision'$u,pport Syste.,n

~;~~?0';~~~~~ ~1I~~ff/,t;;' < ~;;4Jc; .....;.7:J'c~;:: 1

I I

~..- ... '

3.. ADSORPTIQN "
R~fufdation Factor<-
, ,,-.-" . : -.;' .~.: ~-.i·;i

.';or.,1.;:;·'.
SOIKSulk,'Oe.as\tY:'>.··,,' ""

~~i6~~~(J~;:

,.,,§J.. (.m.... giL'}.(mg'IL) .
(milL) .

. {inglL) :

.(m~L)

Restore Formulas for Vs,
Dispersivities, R, lambda, other

\"

'i'
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',j

•
'" ~','

:~',.

',',.\

. ~/'

....' ,.....'.

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

.~ ,;: ~~ '.

';Obsef'\led;Qejj't(/Jin'Bi9?@~ntr8tib';s8tMonitoiing Wells
. .. .. .IfNtitJ~t~;ieiiil~.Bta;"k or Enter '''0· '.

:. .. '~ -F','-':'--'---,.

§
(fT/glL)

~:~.Vi~.g.'
(mglL) "

xmgiL)

~~tfrll~~J~;I:~ei~rigth( .,;. ~~:

,SlQ$;C'R~1:N·;'Natu;ral·A«enuation.:Dici$io:i1·;:~ijpport .System· ,i

~~[~1~~~~:~:!~~¥:~~O~~~;~~;'~~~~"~~~;::>','••. :~:,i;\;~f,:.· ;("(, ,..' ·'r~~IQ~:;1ie "~::.'.;••{' :>;;.' ,.•.., ' .

:i\;.;~[~~~~~..;..ii""?'
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,

'i

0.031

0.2920.292

0.0390.049

0.2920.292

0.061

Return to
Input

,."'-,' ..
'J ~" ~"i

0.077

0.292

0.292

0.008

, .-:

0.292

0.096

0.292

0.292

0.120

0.292

" I' . t','-'-' • • t· •.
.- i· ':, _

150< ;·200 " ,1'50,

r;J~~tartceFrri~:soht~~;(it):; ...
• •... • -J '._.-....

0.292

0.149

0.292

0.187

.. ' ,·Time:>

II' 5. 00 Years . ~.
.l<. \ '\:/~':'" '

I

0.292

0.234

0.292

,DIS~L~F?ri,;I¥~~~j;$i~~~~r°l'l·~l,~~G'PliU¥)i~~P~2~~~~:i]~:~~!l

()

Calculate
Animation

.. :-:',' ,.,'~'~"t '_i~;. . : ;l{~:{~'ki~'r~::_~.j,,: ,~;: _,:~:::~>:c-:. . '1.' <'F-'_"~'·,.~,:".'IJ,~:: ';:. ~~--" _",.' ;.' ,};

... " .......lnstantanaausReacti6n .' "'-No,Degradation·.· :~, 'Field Oata from'Site

O:3P9;k ,,' ;', Ii:,,'.'1"';"'" ';\:J' t, L" I'e,: ,;:;.;" ::" ,:,:+,,~;;;;~);;,,;,;.,,;;,:<'Il' ';",,",il'",.,".;;" "'~~~

"s' .... ,O.2~O,
'~' ,0;200,
.ta::~ ..', ';

.~'.E·.c6.150·;
=o·u>

. In~t. R~~¢~~nll 0.292

.' Nq'9~gr~~ti~.n
. ·1st.()i?~l; Dec:::ayll 0.292

.' Field'Data (rolp Site

ifyPE OF MODEL'
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•••

Recalculate This
Sheet

r'li"

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable* .!" Data used directly in model.
Ell .. jl.> Value calculated by model.

(Don't enter any data).

Data Input Instructions:

[J}[] -t..1. Enter value directlv.... or
or 2. Calculate by filling in grey

1:~{j:(p2:}~1 'If' cells below. (To restore

formulas, hit button below).--+

Observed Centerline Concentrations at Monitoring Wells
If No Data Leave Blank or Enter "0"

Fluorene

South Cavalcade

North Area

RUN ARRAY
RUN

CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:
;·RMB%§@ 4:1£= $··RdHMt3 M

6. SOURCE DATA
Source Thickness in Sat.Zone*c:JIJ (ft) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: __-- and Input Concentrations & Widths
Width" (tt) ICone, (mg/l'" ..... ------- for Zones 1, 2, and 3

5. GENERAL
Modeled Area length"
Modeled Area Width"
Simulation Time"

7.

175.,-Source Decay (see Help):
SourceHalflife* (yr)

Soluble Massf-S----......,
In NAPL, Soil (Kg)

I' -. - - .' .(year)

I ~_.. - - I(per yr)

~
(mg/L)

(mg/L)
(mg/L)
(mg/L)

(mg/L)

4. BIODEGRADATION
1st Order Decay Coeff" lambda

or
Solute Half-Life t-half
or Instantaneous Reaction Model
Delta Oxygen" DO
Delta Nitrate" N03
Observed Ferrous Iron" Fe2+

Delta Sulfate" S04
Observed Methane" CH4

1. HYDROGEOLOGY
Seepage Velocity" Vs 598.2 (ft/yr)

or
Hydraulic Conductivity K ·3:7.S~·0~\ (em/sec)

Hydraulic Gradient i ';0.00 aa,. (ftIft)
Porosity n ~ .'0;'37.5::; (-)

2. DISPERSION
longitudinal Dispersivity" alpha x (ft)
Transverse Dispersivity" alpha y (ft)
Vertical Dispersivity" alpha z (ft)

or
Estimated Plume length Lp (ft)

3. ADSORPTION
Retardation Factor" R (-)

or
Soil Bulk Density rho :::';'1 :$2o"L~ (kgl/)
Partition Coefficient Koc .At1;~40);,t (Ukg)
FractionOrganicCarbon foe <:~:§OE~Q~ (-)

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3
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Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

..",. c:~~~~;:t·!'i~t~~~h:,.. .
Obser.V~;C~n.t8d!nfl::p6f,j,c$ntr~tiQlIS 'st':Mpr,#oHng'Wei/s;,
. . '";]f N,~,iP~ttl~L.~'Elv.e:EfI~Rj(,ot:'!§nte~/(i':;'.' ". ~"::.

a (ing/LX'

. (ln~..··1..J'.\'L.
(mgll·X:'
(mfi/LJ\"

f .fit/giL)

R

.~ "

0".

8y,draHU,c.. C9pductiyity. K,'
HY~(§lut!c~<;dradtellt:' i :
porOSitY: . . n ..

4.Blqo~~ijADArION

1st Otdeco.:ec::ayCQ~ lambda . . ' (peryl);..,
",."d,,·,.,.. "

~olutetJalf";b.lfe '. '. '·t.:.flalf,(Ye8rJ,
cirlniitantllfiebUS Reactiott Model

ci~:i:.·~~:~~.: ····,:;",'1~g3'
ObserVEld~Elrrous Iron* Fe2+
O~lt~':S'Glfllite* .... . .<.!!;04:

ObseN~: M~thahe*" CH4

3:.~~~9~P"ION·
RetaJd~i6n Faeto(*

/?:\~;:-i"or' .
~ir:Bql~Oel'lS'itY

e~~i~ip~;,~eft~9t~fnt, "
pra¢{ipoOrg,anicGarb,On

;'c, .~, ...~', .•_", ...~ ... ,. ;". .. C';" • , _ •

,~.{1;}:l!~~F~SION ',' ,
.~gn~i!~..~i~,~I'QjS,~~t,SiVity*·, fllphax: I .-'- I
;rr~O.$Y~fs~,Olsp.etsiv,ity*.. .alpha y"
V~rticatOi$persivify· .alpha 1."

..',,:.~,£);"·i:'or:·,
Esti'm-atedP.I.Ur:t,le Length . .L,p

"::5:'; ..- ._, ..,,-0 '_,' ,
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0.818

12.724

1.110

12.727

1.506

12.729

12.729

2.043

12.730

12.730

2.771

12.730

12.730

3.759

12.730

12.730

".'

J'.'I?~t~~~fr()flfS~tn,'£~,,(fti: .'
]28'·, .. , '~170"'''213

5.099

12.730

12.730

0 I"" I '." '85 .",, 43;~'i'.

12.730 12.730 12.730

12.730 9.384 6.917

12.730 12.730 12.730

.. DISSO~YEI2 ~l'liT»AL1ThiEC.ONCENr.R.ATION ALQNCipLyME CENUUtLWE';NOR11'!:~E~(m~) ...
. "~; ·(--;,:,t~t?:",: \:'.- - -'. ",:.:', ~':' .:. - '.. . '~';>:;~:'»..." ,:. " . i'·'.' '->; '; : <' . ." .::." "j: ~ .~:'./.~ ':';:, ',' i· '. :;\,<'-_~::~<.~\_\:~~,"J'::,J'. ,,' "

;~: , :",'

Calculate
Animation

lnst' RaabtiJn
;. ..". ,." ._,,~,-.. .,-/

; ..:":"', . . . -/ _ ";:"" . ,»",'.,"', ~. ;,>,;·~r'-·
,.~ 1st:,.QrderPecay· '.•.~ fnsfa@faneQus,RffJ8ct/on,

.."{ <:;',;",\::':,"'.J:.""" '/' ' ~ ,.; '1".·.<;t:··'_0~}·:·.-:i-ii : ,'~ _~ :,.:~'~ -':j~;:'~':,~;;:~i .)~. ".' ',,' I t \i~;.;,~~i:'·

',:.~~:'~8B\;t.;' "". . ..•.. "." '.' .... i~ .' c :" .:' ;

.~:a': JO.Od6',
. w-t-. .......... , .,', :_.

,!'~ ,'8,P~9/

,:~,~~:,,:~. ," :6.6~(i~

8· ·4;oqo'1 • I
2, ..00.0'>' '$ .i,

" :,'. . ',',i '. • * * &:,

.0.000 , .. iI··, • i1." ",I L ,.1 II I I 1:1,1 .n. ,·It h ..• , ~... I ..•.. i i"

FieldData fr()n:{ site

····~··,.r.J~;'t:)egrad~tit>,ri

.. ';"1;s~ Or,der:D~c~y

", .

TYpE. O;~()~~L'
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9~k." .
Delta"Sulfate'" ".:'
bo~e~ed:M~thah~~':'

. ~- . '

1'·;;;
I I(mg/~)"

(·m':'iL.,·) .
:' '. ~'I
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',: . pISSOLVED PHl3NANTJ:IREN1~,SON<;:ENTRATIONA~ONG PLVo/lE CENTERLIf'JE -NORTIiAR~ (mgfL)

",; , ,;t' "1 '.; ·f: ""I';"::;I~t~~S·;(Txi!'i;: I(";{""!< ;'C~'I' 'I
TYPE. OF MODE.L,. ' ",: 0, . ·4~,' .' . ' eS ·' ..... ;:128 . 170f:' " 213, : :255<.'.:,298,;';: ·340 .'. 383,:', 425

0,550 I 0.466 I 0,333 I 0,187 I 0.079 I 0.024 I 0.005 I 0.001 I 0,000.';;,:J,·No tle.ar.~,~.~riD 0,598
..~~.

< '1stprder OecayU 0,598 0.180 0.054 0.016 0,005 0.001 0.000 0.000 0.000 0,000

0.000

0,000
''\:'"

lt1si.~ii':a9ti~ijn 0.598 0.550 0.466 0.333 0.187 0.079 0,024 0.005 0.001 0,000 0,000

;",~i~/~FD~t;~~~'~jt~' 0,026

-I:

450··~oo,

"' ;

. ,:I. FieldpfiJfa trom.Sits',
''':.-';"

.T1~e:

.;~,'\-

9.00

, _, . ;.:' ,:,' ,.,~:' : 'it

. "."':Hnslan(anebus Reacti6n/' . .~No DegrfiJd,at-ion '.

.'

't s·.: '.'" '1~t OtJier:Depiiy .

·:O.ObO<·~'i '." iI·, .• 'I,' 1.1, 1",4 .• i ,&. i I i& ,i,~.:. i.'. J, .,;-,k , ,. ,.1. "...i -, . •1
":;"'\;0 ':: -;'. "50,"", 100" .~" 150 '2'0(('" c2~O:,' ", '," .

" Di8tanc~:Fwm~ourc;e (ai

Calculate
Animation

I::: ,. '.
"'0, .' 0'400. ~

'.~ . ........-.. .. '
.•,. ~ ", >'"

.'~., El ,,0~~Q94~~
1::,- "::o;ibd.·2
u

---~:.£ '

"/'

"
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, \

I,"

.,::.; .,>',i1

Recalculate This
Sheet

'. ~<'

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

'"', .
,~,j."",:~~,..,::,;,:x,,~~ ..{ :",' ;.""

''Yii;!V oYPll;JmeL'ool<ing PQwn
":',., .. :'~.-: ',- "'~';.:+:"",:~'";:/

,Ot,setrve"rJ .deQt~Hin~·9:inc9ntrEltiOns at Monitoring' Wells
, . :; 1(~Oi~~~~7[~?~r~'8Jahk?r E?tfJ,~/'o~!,: , .

I t

(mgJL) :'" '
, . (mg/Li'"

(mglL).
("!g/L)

1---lI~(mgl~)

2~::t,>I.e~~~19N}t":df:}:,:, ", ""
L9~9,itw~I?f:;t'f:)isp:ersiyitY~~': .,·~/P6:ii *','.,
ir~]'i~~,~~~g,is,e~t~!~jty:*X:';;';!~hS {;:J -,- I
Vertf~'rOi$pijr'$i"ity*"":.'/8IptJ8 f
"'~:tJ'l,;;:/',t";;;:;X!~r:,~':";',, ;., "{,, "':';;' :"
Estlmi!lt~J:>Jome'l:ength';l"p ",

;;"'j~ , ':i""- ' '. ,

$~lt

~~~f'O'
8~~'f~~~~~~ :·;;:,'::.'c-'~':;'
9Rsery~d':Ferrou~,.Jr8n*

,P~J~;;~~if~~~X';:':t :'i •
o~serVedM~thahe*
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'Bio$:CREeN..Nalu,ral'Attel;luati(m:[)e~iSi.on:~up,port.System

Ii~i~1t:~:f~;!I::'" .. ,:3~~}"·.;,. .'. '" ".':C- . . "

1~;~~~~·~ti~~~;·I~r:
:~~~~;~~0~~~~~r$;~!~~~~i~!~~~~f':1 16,6 I
Ttan$¥~f$'~:;OjspetS'iVjtY···;·:"f~/ph~':Y";,'

VefficiiM)I~~~r$ivjtY.;.,"':'i' }'iJij;hJ'i'<

E~i~~~~';p.IZ~e"L!engt{ .'1;p.. ","S,WIIl

;"; '.;

4:cJ,gIOOreuu.bATiOtf: ,,-7 "
1~t;;0tdet;t>eCaY Coe~'.;;' Iambfia?ll,oE+o I(per yr)'

?!~~~'" &P~
P~!.S~J.~,i~~,~~,;,,;':';;('\;);i:;",¥o/~i,;' (m.glL)~ " '"
o.bsejy~d;Ferl'Qu~. Iit>.h~"'j,;';,F~~+::,, (mglL) , "
O~~lSQ,lfete~ "x,:.';: '\:,.""$.94"" (tiJ,gi(.i) ,
Obs~iVedM'$ttiane·'" . :i "Y'cH4',':: (mrJ;L)

.~.,

, ',.

Recalculate This
Sheet

~AAiilf'i'5!l6¥!l!!ii !sij e' !fiii$"#A**,!iii3iiiif!i!fiil5','M~"

Restore Formulas for Vs,
Dispersivities, R, lambda, other
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_PISSOLVED TOtlJENE CQNCENTRAnON ALONG,PLuME CENTERUNE:- NORTH A~{EA (Ui!VL)
'" ;', • _;: • .. • -7 : .• ' ;,;. " ' ,:' .' '-" • • •

0.014

0.626

0,626

0.034

0.801

0.801

-~ I
v .. . '. s~: ::.:;< :~' ;).' ,:,": :',;r ,:.\.' ~~:.: ". '. .' "'., ';, ::.:;c."';'

J .r' 255 .'1' .;298,:'-' :::;>~4o'1383 1425

0.428 0.250 0,122 0,049 0.016

0,006 0.002 0,001 0,000 0,000

0.428 0.250 0,122 0,049 0.016
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Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable* ~ Data used directly in model.

.. .. Value calculated by model.

(Don't enter any data).

Data Input Instructions:

[J1[J ...1. Enter value direct/v.... or
2. Calculate by filling in grey

'_'.__ " ~ cells below. (To restore

formulas, hit button below).--+

Vertical Plane Source: Look at Plume Cross-Section
._ and Input Concentrations & Widths

for Zones 1, 2, and 3

Observed Centerline Concentrations at Monitoring Wells

If No Data Leave Blank or Enter "0"

Benzene

South Cavalcade

South Area

..

RUN ARRAY
RUN

CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:

5. GENERAL
Modeled Area Length·
Modeled Area Width*
Simulation Time*

6. SOURCE DATA
Source Thickness in Sat.Zone- [J:[J (ft)

Source Zones:
Width· (tt) IConc, (mg/L\*

,

7.

••
I
!!!!!!!!!!!!!!!

Source Decay (see Help):
SourceHalflife* (yr)

Soluble Mass1-'----..,
In NAPL, Soil (Kg)

3.5E-1 I(per yr)

~
~J(year)

~
(mg/L)

(mg/L)

(mg/L)

(mg/L)

(mg/L)

1. HYDROGEOLOGY
Seepage Velocity* Vs (ftlyr)

or

Hydraulic Conductivity K :i'5E,03" (em/sec)

Hydraulic Gradient i .0:00571J (ftIft)
Porosity n ':0.37:5 t(·; (-)

2. DISPERSION
Longitudinal Dispersivity* alpha x 16.1 (ft)
Transverse Dispersivity* alpha y 0.0 (ft)
Vertical Dispersivity* alphaz 0.0 (ft)

or ill' or

Estimated Plume Length Lp ~'~~:4~':d(ft)

3. ADSORPTION
Retardation Factor* R (-)

or

Soil Bulk Density rho :"i,1 ,32(5 <. (kg/l)

Partition Coefficient Koc ,i;d64.ei;~Y( (Ukg)

FractionOrganicCarbon foe ;8160'E-Cl<t (-)

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half

or Instantaneous Reaction Model

Delta Oxygen· DO
Delta Nitrate* N03
Observed Ferrous Iron" Fe2+

Delta Sulfate" S04
Observed Methane* CH4
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DISSOLVED BENZENE CONCENTRATION ALONG PLUME CENTERLINE - SOUTH AREA (mgIL)

Distance from Source (ft)

TYPE OF MODEL 0 40 80 120 160 200 240 280 320 360 400

No Degradation 3.799 3.799 3.799 3.798 3.796 3.791 3.780 3.758 3.714 3.636 3.509

1st Order Decay 3.799 2.640 1.835 1.275 0.886 0.616 0.428 0.298 0.207 0.144 I 0.100

Inst. Reaction 3.799 3.799 3.799 3.798 3.796 3.791 3.780 3.758 3.714 3.636 3.509

Field Data from Site I I I 0.005 I
....1st Order Decay Instantaneous Reaction - No Degradation :: Field Data from Site

4.000

3.500

§ 3.000 --
~ -. 2.500

~} 2.000--

~ - 1.500--

8 1000 I = 1
~:~~~ , , ,I , , • 1 , , --= : , ,:. . : I. .., I. a . I.·. ,

o 50 100 150 200 250 300 350 400

r---- Calculate ll Animation J

Time:

18.00 Years

Distance From Source (ft)

Return to
Input

Recalculate This
Sheet
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BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

•••

Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Observed Centerline Concentrations at Monitoring Wells

If No Data Leave Blank or Enter "0"

Ethylbenzene
ISouth Cavalcade

South Area

RUN ARRAY

Data Input Instructions:

~
15 ...1. Enter value direct/v.... or

or 2. Calculate by filling in grey

L:'O;02,' '" cells below. (To restore

moo (ft) t= --+ I formulas, hit button below).

o (ft) w~ Variable* ... Data used direct/y in model.

4 (yr) + .. .,. Value calculated by model.

(Don't enter any data).

RUN
CENTERLINE

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

7. FIELD DATA FOR COMPARISON
Concentration (mg/L) ,.-----".----".----".----".----,,----,,----,,---,,---"---,,---,,

Dist. from Source (tt)

6. SOURCE DATA
Source Thickness in sat.Zone*c:J"IJ(ft) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: ._.~. and Input Concentrations & Widths
Width. (tt) ICone. (mg/L\· ......-_../. for Zones 1, 2, and 3

I

8. CHOOSE TYPE OF OUTPUT TO SEE:
etp·P..;g, 4PbbW t g;o"'i}:::4i

Source Decay (see Help):
SourceHalflife* (yr)

Soluble Mass1-1.-':"---1
In NAPL, Soil (Kg)

16.1 (ft)

00 (ft)
0.0 (ft)
or

'~;l'if}AO'O:~"\1 (ft)
~"',"',..:"'~'" .~.1;Y'~

1.1E+O I(peryr)
or

::~':6i~21{i' I(year)

39.8 I(ftlyr)
~or
f,;,':' -.~; .~~: 'JC '-,,>
'}2.5E~03,;. (em/sec)
" ." .. "" "-.
·~O~OJ)g,7:::J;J. (ft/ft)
~;;~O.Ieip.-l;it (-)

~ 1(-)

~
r

" , ..-' .!, (k '11~;<:L ";~ . I,tl'
1;~··&1··925~.., 9
""."," 7''6"',~~!,~ (' ''kg)~:<:~\~6 .';-"i~.r.. UJ

:8,601,::,:"ci,r (-)

~
(mgIL)

(mgIL)

(mgIL)

(mgIL)

(mgIL)

Vs

Lp

K

n

alpha x

alpha y

alpha z

2. DISPERSION
Longitudinal Dispersivity·
Transverse Dispersivity·
Vertical Dispersivity·

or

Estimated Plume Length

3. ADSORPTION
Retardation Factor· R

or
Soil Bulk Density rho

Partition Coefficient Koc

FractionOrganicCarbon foe

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half

or Instantaneous Reaction Model
Delta Oxygen· DO
Delta Nitrate· N03
Observed Ferrous Iron· Fe2+

Delta Sulfate· S04
Observed Methane· CH4

1. HYDROGEOLOGY
Seepage Velocity·

or
Hydraulic Conductivity
Hydraulic Gradient
Porosity
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DISSOLVED ETHYLBENZENE CONCENTRATION ALONG PLUME CENTERLINE - SOUTH AREA (UlgIL)

Distance from Source (It)

TYPE OF MODEL a I 40 I 80 120 160 200 240 280 320 360 400

No Degradation 0.292 0.180 0.072 0.014 0.001 0.000 0.000 0.000 0.000 0.000 0.000

1st Order Decay 0.292 0.042 0.006 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Inst. Reaction 0.292 I 0.180 0.072 0.014 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Field Data from Site I I 0.005

~1st Order Decay Instantaneous Reaction - No Degradation := Field Data from Site

0.150

0.050

0.000

0.100

0.300

0.250
I=:o
.~ ~ 0.200~-

~ 8
~-
o

U

a 50 100 150 200 250 300 350 400

Distance From Source (ft)

Tinle:
Calculatel Animation J 4.00 Years Return to

Input
Recalculate This

Sheet
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Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable· .. Data used direct/y in model.
Ell .. Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~
15. 'r1, Enter value direct/v.... or

or 2. Calculate by filling in grey
"O:b2\ « cells below. (To restore

formulas, hit button below).--+

:~'-

Observed Centerline Concentrations at Monitoring Wells
If No Data Leave Blank or Enter "0"

4

A.

RUN ARRAY

b§00 (ft) I L

a (ft) w
10 (yr) +

2~O I 12,73

RUN
CENTERLINE

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

7. FIELD DATA FOR COMPARISON
Concentration (mg/L) ,,-----,,,----,,,----,,,----,,,----,.,----,,---,,---,,---"---,,---,,

Dist. from Source (tt)

6. SOURCE DATA
Source Thickness in Sat.Zone·[ill (ft) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: ._'-'- and Input Concentrations & Widths
Width.(ft) IConc. (mg/L\· ..... --------. for Zones 1,2, and 3

8. CHOOSE TYPE OF OUTPUT TO SEE:
tty'. ' 6 ;'iij~.;EtJt-! ¥i 9'5'-+58 f M.

'1'

I
Source Decay (see Help):

SourceHalflife* (yr)
Soluble Mass

r-'-----i
In NAPL, Soil (Kg)

or

Op11';'~' I(year)

98E·1 J(peryr)

~
(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmentel Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs (ftlyr)

or
Hydraulic Conductivity K :'"2:SE!Q3!;' (cmisec)

Hydraulic Gradient i :··O.6b~7rj; (ft/ft)
Porosity n ""b,'375.(~ (-)

2. DISPERSION
Longitudinal Dispersivity· alpha x 16,1 (ft)

Transverse Dispersivity· alpha y 0,0 (ft)
Vertical Dispersivity· alpha z 00 (ft)

or
Estimated Plume Length Lp .\5,,'400':>,{; (ft)

3. ADSORPTION
Retardation Factor· R I 49 1(-)

or fI1' or

Soil Bulk Density rho ~;:r~325ii~, (kg/l)
Partition Coefficient Koc ,'.i';·1290~~( (Ukg)
FractionOrganicCarbon foe .a:6QE-ci4 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half
or Instantaneous Reaction Model
Delta Oxygen· DO
Delta Nitrate· N03
Observed Ferrous Iron· Fe2+
Delta Sulfate· S04
Observed Methane· CH4
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DISSOLVED NAPHTHALENE CONCENTRATION ALONG PLUlVIE CENTERLINE - SOUTH AREA (mgIL)

Distance from Source (jt)

TYPE OF MODEL 0 40 80 120 I 160 200 240 280 320 360 400

No Degradation 12.730 10.037 6.447 2.813 0.765 0.123 0.011 0.001 0.000 0.000 0.000

1st Order Decay 12.730 1.110 0.097 0.008 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Inst. Reaction 12.730 10.037 6.447 2.813 0.765 0.123 0.011 0.001 0.000 0.000 0.000

Field Data from Site I 0.024

..... 1st Order Decay Instantaneous Reaction - No Degradation :: Field Data from Site

;::
o."'".... -
~~
~ 8u _
;::
o

U

14.000 I I

12.000

10.000

8.000

6.000

4.000 -­

2.000

0.000 ~ il=:l I * ,I i *, :=:: , I" , • Ii' ., Ii:': , "., , ~
o 50 100 150 200 250 300 350 400

Time:

Distance From Source (£t)

Calculate
Animation II 10.00 Years II Return to

Input
Recalculate This

Sheet
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Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable* l>- Data used directly in model.

.. !I> Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~
15 -.1> 1. Enter value direct/v.... or
or 2. Calculate by filling in grey

~.

0,02 cells below. (To restore

formulas, hit button below)--+

lr.~.

Observed Centerline Concentrations at Monitoring Wells

If No Data Leave Blank or Enter "0"

~i

Toluene

South Cavalcade

South Area

RUN ARRAY

A.

I
(Kg)

o 0
o 0

RUN
CENTERLINE

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

6. SOURCE DATA
Source Thickness in Sat.Zone*[JIJ (ft) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: _-.- and Input Concentrations & VVidths
Width. (tt) IConc. (mg/L'· ....... o'. -' for Zones 1, 2, and 3

7. FIELD DATA FOR COMPARISON
. .-,---.-,--,.----,.----,.----,.----".----".----".----".----,..-----,

Concentration (mg/L)
Dist. from Source (tt)

8. CHOOSE TYPE OF OUTPUT TO SEE:
fW'E'.' 5 . ,f •• ;;:;~'~Z

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs 39.8 (ft/yr)

or !'1' or

Hydraulic Conductivity K 2.5E-03 (cm/sec)
Hydraulic Gradient i ~0.00571 (ftlft)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity· alpha x (ft)

Transverse Dispersivity· alpha y (ft)
Vertical Dispersivity· alpha z (ft)

or
Estimated Plume Length Lp

3. ADSORPTION
Retardation Factor* R 1.8 1(-)

or or

Soil Bulk Density rho 1.325 (kg/l)
Partition Coefficient Koc 257 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda 9.0E+0 J (per yr)

or
Solute Half-Life t-half ,0.08 , (year)
or Instantaneous Reaction Model
Delta Oxygen· DO

~(mgILJDelta Nitrate· N03 (mg/L)
Observed Ferrous Iron· Fe2+ (mg/L)
Delta Sulfate· S04 (mg/L)
Observed Methane· CH4 (mg/L)

000758



DISSOLVED TOLUENE CONCENTRATION ALONG PLUME CENTERLINE - SOUTH AREA (mg/L)

Distal/ce from Source (jt)

TYPE OF MODEL 0 I 40 I 80 I 120 160 200 I 240 I 280 I 320 I 360 I 400

No Degradation 1.041 0.185 0.005 0.000 0.000 I 0.000 0.000 I 0.000 0.000 0.000 0.000

I 15t Order Decay 1.041 0.006 I 0.000 I 0000 I 0.000 0.000 0.000 I 0.000 I 0.000 0.000 I 0.000

Inst. Reaction 1.041 0.185 0.005 0.000 i 0000 0.000 0000 I 0.000 0.000 0.000 0000

Field Data from Site I
I 0.005I : I

~ 1st Order Decay Instantaneous Reaction - No Degradation := Field Data from Site

1.200 I I

1.000 -
c::
.~ 0.800.... -
b ~ 0600
~ E .
~ -- 0.400o
u

0.200 ~

0.000

o 50 100 150 200 250 300 350 400

Calculate
Animation

Distance From Source (£t)

Time:

II 0 80 Years II r Return to 'I i .. Recalculate This l
l Input /: I, Sheet )
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Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable" P- Data used directly in model.

Ell .. Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~,
115 ~ 1. Enter value directlv.... or
or 2. Calculate by filling in grey

.0,02'-" cells below. (To restore

formulas, hit button below).--+

Observed Centerline Concentrations at Monitoring Wells

If No Data Leave Blank or Enter "0"

View Output
;,.:_-~.>--.

RUN ARRAY
RUN

CENTERLINE

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

6. SOURCE DATA
Source Thickness in Sat.Zone"[ill (fl) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: _.~ and Input Concentrations & Widths

Width. (ttl IConc. (mg/L\* .... -- .-.. for Zones 1, 2, and 3

7.

8. CHOOSE TYPE OF OUTPUT TO SEE:

Source Decay (see Help):
SourceHalflife* (yr)

Soluble Mass
t-L----i

In NAPL, Soil (Kg)

16.1 (ft)

0.0 (ft)
0.0 (ft)
or

'!i~i400-~):1(ft)

3.1 1(-)

~5~'< (kg/l)

0;!lup92ji~;;' (Ukg)

S';6o"E;Q4' (-)

39.8 l(ft/yr)
~or

" "6'"~2:5E': 3} (em/sec)

;W~60§7:1 ij (ft/ft)
'~"b~;a79r:':: (-)

6.9E-1 j(peryr)

t,~r "."1-:;d,:OO ._/! (year)

~
(mgJL)

(mgIL)

(mgIL)

(mgIL)

(mgIL)

R

rho

Koc

foe

Lp

Vs

K

alpha x

alpha y

alpha z

n

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half

or Instantaneous Reaction Model
Delta Oxygen· DO

Delta Nitrate· N03
Observed Ferrous Iron· Fe2+

Delta Sulfate· S04
Observed Methane* CH4

2. DISPERSION
Longitudinal Dispersivity"
Transverse Dispersivity"
Vertical Dispersivity"

or
Estimated Plume Length

1. HYDROGEOLOGY
Seepage Velocity"

or
Hydraulic Conductivity
Hydraulic Gradient
Porosity

3. ADSORPTION
Retardation Factor*

or
Soil Bulk Density
Partition Coefficient
FractionOrganicCarbon

000760



DrSSOL\TED XYLENES CONCENTRATION ALONG PLUME CENTERLINE - SOUTH AREA (mgIL)

Distance from Source (ft)

TYPE OF MODEL a 40 80 I 120 I 160 200 240 280 I 320 360 I 400

No Degradation 0.313 0.270 0.204 0.119 0.050 0.014 0.003 0.000 0.000 0.000 0.000

1st Order Decay 0.313 0.078 0.019 0.005 0.001 0.000 0.000 0.000 0.000 0.000 0.000

I Inst. Reaction 0.313 I 0.270 0.204 0.119 0.050 0014 0.003 0.000 0.000 0.000 0.000

Field Data from Site , I 0.005

~ 1st Order Decay Instantaneous Reaction - No Degradation :: Field Data from Site

0.350

0.300
c::

0.2500....
~~ 0.200 --
~ e 0.150
u _

I::
0 0.100U

0.050 ~

0.000

0 50 100 150 200 250 300 350 400

Distance From Source (ft)

r~ ---~-~:Ulate l
l Animation J

Time:

II 8.00 Years II Return to
Input

Recalculate This
Sheet I
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Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable* ~ Data used direct/y in model.
.. ,. Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~
15 ....1. Enter value direct/v.... or
or 2. Calculate by filling in grey

,O;O~:( "t cells below. (To restore

formulas, hit button below).-+

.t1

Observed Centerline Concentrations at Monitoring Wells
If No Data Leave Blank or Enter "0"

At

.4

RUN ARRAY

I

RUN
CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:
_; '4itt44'" 4#, .~~%iP* &A

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

7. FIELD DATA FOR COMPARISON
. r,---,,---,,---,,---,,---,,.--,,.--,,.--,,.--,,.---".---"

Concentration (mg/L)
Dist. from Source (tt)

6. SOURCE DATA
Source Thickness in Sat.Zone* r.:::ill (ft) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: ..._.-. and Input Concentrations & Widths
Width. (tt) ICone. (mglL \. .~..--'--- for Zones 1, 2, and 3

i

Source Decay (see Help):
SourceHalflife* (yr)

Soluble Massl--l----:.~_...j

In NAPL, Soil (Kg)

5.8E-1 I(per yr)

16.6 (ft)

0.0 (ft)
0.0 (ft)
or

"""';:4'2',-5~;;'j{ft)1";."1' ;".:.,'1 \,

__ 16.2 1(-)
r.;+..-~;

~25 is:' (kg/l)
i~';:5Q1o;~1' (Ukg)

;8:!5b~.,04- (-)

I :a:: - n_ I(ft/yr)

~
(mg/L)

(mg/L)
(mgIL)
(mg/L)
(mg/L)

Vs

Lp

n

K

alpha x

alpha y

alpha z

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half
or Instantaneous Reaction Model
Delta Oxygen· DO
Delta Nitrate· N03

Observed Ferrous Iron· Fe2+

Delta Sulfate· S04
Observed Methane· CH4

3. ADSORPTION
Retardation Factor· R

or
Soil Bulk Density rho
Partition Coefficient Koc
FractionOrganicCarbon foe

2. DISPERSION
Longitudinal Dispersivity·
Transverse Dispersivity·
Vertical Dispersivity·

or
Estimated Plume Length

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity·

or
Hydraulic Conductivity
Hydraulic Gradient
Porosity
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DISS01"VED ACENAPHTHENE CONCENTRATION ALONG PLUl\1E CENTERLINE - NORTH AREA (mgIL)

Distance from Source (ft)

TYPE OF MODEL 0 43 85 128 170 213 255 298 340 I 383 425
I

No Degradation 1.785 1.784 1.782 1.777 1.763 1.734 1.677 1.579 1.430 1.231 0.995

1st Order Decay 1.785 1.027 0.591 0.340 0.196 0.113 0.065 0.037 0.021 0.012 0.007

Inst. Reaction 1.785 1.784 1.782 1.777 1.763 1.734 1.677 1.579 1.430 1.231 0.995

Field Data from Site 0.065

~ 1st Order Decay Instantaneous Reaction - No Degradation :: Field Data from Site
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable* ~ Data used direct/y in model.
Ell .. Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~,
115 ~1. Enter value direct/v.... or
or 2. Calculate by filling in grey

"'I'
0 0.02 cells below. (To restore

formulas, hit button below).--.

Vertical Plane Source: Look at Plume Cross-Section
_ and Input Concentrations & Widths

for Zones 1, 2, and 3

Observed Centerline Concentrations at Monitoring Wells
If No Data Leave Blank or Enter "0"

Fluorene

South Cavalcade

North Area

RUN ARRAY
RUN

CENTERLINE

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

6. SOURCE DATA
Source Thickness in Sat.Zone*DD(ft)

Source Zones:
Width· (tt) leone. (mg/L,.

8. CHOOSE TYPE OF OUTPUT TO SEE:
dEFY;'; i il ' '•. ,p.p . . g- A 'qr".d',t:)·, P" ,. P

7.

Source Decay (see Help):
SourceHalflife* (yr)

Soluble Mass
1-'-----1

In NAPL, Soil (Kg)

(-)

(ft)

(ft)
(ft)

(ft)

(kg/l)
(Ukg)
(-)

34E-1 leper yr)

25.1
l' or

;;1.325 ,
" 7940".,
e·.60E-04

16.6

00
0.0

l' or
. 425

,_, ~. n '0'. .ryear)

~
(mg/L)

(mg/L)
(mg/L)
(mg/L)
(mg/L)

R

rho
Koc
foe

Lp

Vs 598.2 I(ftlyr)
If' or

K ·'3.7E-02' (em/sec)

;Q.OO5fl8', (ftIft)
n ,"-"0.375: (-)

alpha x
alpha y

alpha z

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

2. DISPERSION
Longitudinal Dispersivity·

Transverse Dispersivity·
Vertical Dispersivity·

or
Estimated Plume Length

1. HYDROGEOLOGY
Seepage Velocity·

or
Hydraulic Conductivity
Hydraulic Gradient
Porosity

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half
or Instantaneous Reaction Model
Delta Oxygen· DO
Delta Nitrate· N03
Observed Ferrous Iron· Fe2+
Delta Sulfate· S04
Observed Methane· CH4

3. ADSORPTION
Retardation Factor·

or
Soil Bulk Density
Partition Coefficient
FractionOrgan icCarbon
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DISSOLVED FLUORENE CONCENTRATION ALONG PLUME CENTERLINE - NORTH AREA (UlgfL)

Distance from Source ift)

TYPE OF MODEL 0 43 85 128 170 213 255 298 340 383 I 425

No Degradation 0.881 0.881 0.880 0.879 0.876 0.870 0.856 0.830 I 0.787 0.722 0.634

1st Order Decay 0.881 0.532 0.321 0.194 0.117 0.071 0.043 0.026 0.016 0.009 0.006

Inst. Reaction 0.881 0.881 0.880 0.879 0.876 0.870 0.856 0.830 0.787 0.722 0.634

Field Data from Site I 0.043 I

..... 1st Order Decay Instantaneous Reaction - No Degradation :: Field Data from Site
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Help

Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Variable* ~ Data used direct/y in model.
.. .. Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~
15 ~1. Enter value direct/v.... or

or 2. Calculate by filling in grey
.' 0:02 .. cells below. (To restore

formulas, hit button below).

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

--.

Observed Centerline Concentrations at Monitoring Wells
If No Data Leave Blank or Enter "0"

Phenanthrene

South Cavalcade
North Area

RUN ARRAY

175

RUN
CENTERLINE

5. GENERAL
Modeled Area Length*

Modeled Area Width*
Simulation Time*

6. SOURCE DATA
Source Thickness in Sat.Zone*[J]J(ft)

Source Zones:
Width* (tt) IConc. (mg/L\*

i

8. CHOOSE TYPE OF OUTPUT TO SEE:

7.

Source Decay (see Help):
SourceHalf1ife* (yr)

Soluble Massf-L -l

In NAPL, Soil (Kg)

(ft)

(ft)
(ft)

(ft)

(per yr)

(year)

39.3 1(-)

~5 ; (kg/l)
',:12600:,(; (Ukg)
8.60E-04 (-)

16.6 II

0.0

0.0
1-1' or

r~425
,
• I

~
(mg/L)

(mgIL)
(mgIL)
(mgIL)
(mgIL)

2.3E-1

11': or

,;;:.,3.07

R

rho
Koc
foc

Lp

alpha x

alpha y
alpha z

Vs 598.2 I(ftlyr)
or

K ~j.7:E-01 (em/sec)

i .i;O;O~58a· (ftIft)
n ·"':Ol375.;;;•. (-)

2. DISPERSION
Longitudinal Dispersivity*

Transverse Dispersivity*
Vertical Dispersivity*

or
Estimated Plume Length

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

3. ADSORPTION
Retardation Factor*

or
Soil Bulk Density
Partition Coefficient
FractionOrgan icCarbon

1. HYDROGEOLOGY
Seepage Velocity*

or
Hydraulic Conductivity
Hydraulic Gradient
Porosity

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half
or Instantaneous Reaction Model
Delta Oxygen* DO
Delta Nitrate* N03
Observed Ferrous Iron* Fe2+
Delta Sulfate* S04
Observed Methane* CH4

000767



DISSOLVED PHENANTHRENE CONCENTRATION ALONG PLillvIE CENTERLINE - NORTI-I AREA (mgfL)

Distance from Source ift)

TYPE OF MODEL 0 43 85 128 I 170 213 I 255 298 340 383 425

No Degradation 0.598 0.597 0.595 0.589 0.575 0.549 0.504 0.437 0.354 I 0.262 0.176

1st Order Decay 0.598 0.354 0.210 0.124 0.074 0.044 0.026 0.015 0.009 0.005 0.003

Inst. Reaction 0.598 0.597 0.595 0.589 0.575 0.549 0.504 0.437 0.354 0.262 I 0.176

Field Data from Site 0.026

-'-1st Order Decay

0.600

0.500
I:
0

0.400....
.... -
~~

0.300~ eu _
I: 0.2000
u

0.100

0.000

Instantaneous Reaction - No Degradation :: Field Data from Site
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Calculate
Animation

Distance From Source (£t)

Time:
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Input

Recalculate This
Sheet
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APPENDIX L

BIOSCREEN SIMULATION OF BENZENE
(NORTHERN AREA)

~KUENVIRONNlENTAL.

.-I;.I/NCORPORATED
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APPENDIXM 

BIOSCREEN SIMULATIONS OF BENZENE 
(SOUTHERN AREA) 
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APPENDIXN 

BIOSCREEN SIMULATIONS UNDER PUMPING CONDITIONS 
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CALCULATION BRIEF

GROUNDWATER MODELING OF THE EFFECTS OF A HYPOTHETICAL OFF-SITE
PUMPING WELL - SOUTH CAVALCADE SUPERFUND SITE, HOUSTON, TEXAS

This calculation briefpresents the results of the evaluation ofthe potential effects ofhypothetical
off-Site pumping wells in the shallow groundwater zone downgradient ofthe South Cavalcade
Site. The approach used in this evaluation involved the use ofa groundwater flow model to
estimate hydraulic gradients under pumping conditions for segments along the flow path from
constituent source to the hypothetical pumping well. These data were used to calculate an
average hydraulic gradient under pumping conditions for the area between the constituent source
and the hypothetical pumping well. This average hydraulic gradient was used as an input to the
BIOSCREEN model to simulate the effects ofoff-Site pumping on the natural attenuation ofthe
constituents of interest.

Hydraulic gradients and corresponding travel times toward the hypothetical well under pumping
conditions were calculated using available hydrogeologic data. Known data include natural
hydraulic gradients, hydraulic conductivity, and saturated aquifer thickness. Distance from the
constituent source to the hypothetical off-Site pumping well, groundwater extraction rate,
groundwater recharge rate, and aquifer porosity are assumed for the modeling. Values for known
parameters were selected from prior investigations and literature values. The selected hydraulic
conductivity values were lOS feet per day (ftJday) for the North Area and 7.2 ftJday for the South
Area. These values were obtained from pumping test evaluations1,2.

The extraction well was modeled to be 400 feet downgradient from the chemical constituent
source in the North Area, or 425 feet downgradient from the source in the South Area.
Groundwater recharge was estimated as 0.0001 ft/day as rainfall using the Hydrologic Evaluation
ofLandfill Performance (HELP) modeP. The selected saturated aquifer thickness was 15 feet.
Volumetric aquifer porosity was selected as 0.375. A groundwater extraction rate of 0.5 gallons
per minute (gpm) was selected. This pumping rate is equal to 720 gallons per day, which should
be a sufficient supply for residential purposes.

A proprietary groundwater flow model which uses Microsoft Excel as a platform was used to
calculate a hydraulic head matrix based on input variables for hydraulic conductivity (K),
groundwater extraction rate (Q), saturated aquifer thickness (B), and groundwater recharge rate

I Keystone Environmental Resources, Inc., 1992. Extraction Well Pilot Study Report. South Cavalcade Site.
Houston. Texas.

2 McLaren-Hart Environmental Engineering Corporation, 1993. Groundwater Collection Trench Pilot Study Report.

3 McLaren-Hart Environmental Engineering Corporation, 1994. /00% Design Groundwater Collection and
Reinjection System and Dense Non-Aqueous Phase Liquid Recovery System - South Cavalcade Superfund Site,
Houston, Texas.

rjh c:\scav\96-118\summary.wpd
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(N). The rectangular model domain was 600 feet long (in the direction of nonnal groundwater 
flow) and 300 feet wide. The following boundary conditions were used: 

• the two model boundaries which lie parallel to the groundwater flow direction were 
defined as no-flow boundaries; and, 

• the two model boundaries which lie perpendicular to the groundwater flow direction 
(upgradient and downgradient) were defined as constant-head boundaries. 

The pumping well was located 120 feet upgradient of the downgradient constant-head boundary. 
The source area is considered to be 400 feet (North Area) or 425 feet (South Area) upgradient of 
the pumping well, and thus lies in the model domain. 

The upgradient constant-head boundary was modeled with a hydraulic head 3.42 feet greater than 
the downgradient boundary. The average hydraulic gradient over the model domain was then set 
equal to 0.0059 feet per foot (ftlft), which matches the field observed hydraulic gradient. 

Both natural (non-pumping) and pumping scenarios were modeled. Using the known parameters 
(hydraulic conductivity, hydraulic gradients, and assum~d porosity), the unknown values 
(groundwater velocity and average travel time over discrete intervals) were calculated using the 
relations . 

v.YI = KI In 

and 

taYS = x I V.YS• 

The travel times were then summed to calculate an average hydraulic gradient from the source 
area to the extraction well. Aquifer parameters including average hydraulic gradient from source 
area to receptor area, hydraulic conductivity, saturated aquifer thickness, and aquifer porosity 
were input into a natural attenuation model for purposes of evaluating the effects of the 
hypothetical extraction well on natural attenuation of the constituents of interest. 

Tables 1 and 2, respectively, list the hydraulic gradients and water level drawdowns which result 
from groundwater pumping in the North and South Areas. The gradients are listed under both 
natural (non-pumping) and pumping conditions. Drawdown curves which compare pumping 
conditions and non-pumping conditions for both simulations are shown in Figures 1 and 2. 

The average hydraulic gradient which resulted from the non-pumping conditions was equal to the 
field observed conditions. The hydraulic gradient toward the well increased slightly to 
moderately for the modeled pumping scenarios. For the North Area simulation, drawdowns are 
small along the entire flow path «0.10 feet), and hydraulic gradients toward the hypothetical 
well increase significantly (> 1 0% increase) only within 15 feet of the well. Travel time from the 

rjh c:\scav\96-118\summary .wpd 
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constituent source area to the pumping well decreases by only 5 days due to groundwater 
extraction. For the South Area simulation, drawdowns are of much greater magnitude (>0.10 
feet) to a radial distance of 340 feet from the extraction well. Average hydraulic gradient 
increases by a moderate amount for this simulation, but the travel time from source area to the 
extraction well remains quite long (>8 years). 
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TABLE 1. SOUTH CAVALCADE SUPERFUND SITE· HOUSTON, TEXAS
Hydraulic Gradient and Drawclown Summary

North Area
a =0.5 gpm (96 ft3lday)

K =38150 ftJyr (105 ftlday)
Saturated Thickness (B) =15 ft
Recharge (N) =0.0001 ftlday

Porosity (n) =0.375

Distance from
Pumping Well (ft)

Q-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90
90-95
95-100
100-106
106-113
113-121
121-130
130-140
140-150
150-160
160-170
170-180
180-190
190-200
200-215
215-230
230-245
245-260
260-280
280-300
300-320
320-340
340-360
360-380
380.400

Hydraulic Gradien1 Travel Time
(Non-pumping) (davs)

0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0,....
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.0
0.0059 3.6
0.0059 4.2
0.0058 4.9
0.0058 5.5
0.0058 6.2
0.0058 6.2
0.0058 6.2
0.0058 6.2
0.0058 6.2
0.0058 6.2
0.0058 6.2
0.0058 9.2
0.0058 9.2
0.0058 9.2
0.0058 9.2
0.0058 12.3
0.0058 12.3
0.0058 12.3
0.0058 12.3
0.0058 12.3
0.0058 12.3
0.0058 12.3

Hydraulic Gradien Travel Time Drawdown
(Pumping) (days) (feet)

0.0089 2.0 0.06
0.0072 2.5 0.04
0.0066 2.7 0.04
0.0064 2.8 0.03
0.0063 2.8 0.03
0.0062 2.9 0.03
0.0061 2.9 0.03
0.0061 2.9 0.02
0.0061 2.9 0.02
0.0060 3.0 0.02
0.0060 3.0 0.02
0.0060 3.0 0.02
0.0060 3.0 0.02
0.0060 3.0 0.02
0.0060 3.0 0.02
0.0060 3.0 0.02
0.0059 3.0 0.02
0.0059 3.0 0.02
0.0059 3.0 0.02
0.0059 3.0 0.02
0.0059 3.6 0.02
0.0059 4.2 0.02
0.0059 4.8 0.02
0.0059 5.4 0.01
0.0059 6.1 0.01
0.0059 6.1 0.01
0.0059 6.1 0.01
0.0059 6.1 0.01
0.0059 6.1 0.01
0.0059 6.1 0.01
0.0059 6.1 0.01
0.0059 9.1 0.01
0.0059 9.1 0.01
0.0059 9.1 0.01
0.0059 9.1 0.01
0.0059 12.1 0.01
0.0059 12.1 0.01
0.0059 12.1 0.01
0.0059 12.1 0.01
0.0058 12.3 0.01
0.0058 12.3 0.00
0.0058 12.3 0.00

Total travel time (days)
Average gradient (ftIft)

~h c:\scav\96-118\gwmodel.xls

245
0.0058 0.0060

240

000779



TABLE 2. SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Hydraulic Gradient and Drawdown Summary

South Area
Q =0.5 gpm (96 ft3lday)
K=2612 ftlyr (7.2 ftlday)

B =15ft
N=0.0001 ftlday

Porosity (n) =0.375

Distance from
Pumping Well (ft)

Q-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70
70-75
75-80
80-85
85-90
90-95
95-100
100-106
106-113
113-121
121-130
130-140
140-150
150-160
160-170
170-180
180-190
190-200
200-215
215-230
230-245
245-260
260-280
28D-300
300-320
320-340
340-360
360-380
380-400
400-420

Hydraulic Gradiem Travel Time
(Non-pumping) (days)

0.0061 42.7
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0060 43.4
0.0059 44.1
0.0059 44.1
0.0059 44.1
0.0059 44.1
0.0059 53.0
0.0059 61.8
0.0059 70.6
0.0059 79.4
0.0059 88.3
0.0059 88.3
0.0059 88.3
0.0059 88.3
0.0058 89.8
0.0058 89.8
0.0058 89.8
0.0058 134.7
0.0058 134.7
0.0058 134.7
0.0058 134.7
0.0057 182.7
0.0057 182.7
0.0057 182.7
0.0057 182.7
0.0057 182.7
0.0056 186.0
0.0056 186.0
0.0056 186.0

Hydraulic Gradien TravelTime Drawdown
(Pumping) (days) (feet)

0.0495 5.3 0.82
0.0253 10.3 0.61
0.0170 15.3 0.51
0.0135 19.3 0.46
0.0116 22.4 0.42
0.0104 25.0 0.39
0.0096 27.1 0.37
0.0091 28.6 0.35
0.0086 30.3 0.34
0.0083 31.4 0.32
0.0080 32.6 0.31
0.0078 33.4 0.30
0.0076 34.3 0.29
0.0075 34.7 0.28
0.0074 35.2 0.28
0.0072 36.2 0.27
0.0072 36.2 0.26
0.0071 36.7 0.26
0.0070 37.2 0.25
0.0069 37.7 0.25
0.0069 45.3 0.24
0.0068 53.6 0.23
0.0068 61.3 0.23
0.0067 70.0 0.22
0.0067 77.7 0.22
0.0066 78.9 0.21
0.0066 78.9 0.20
0.0065 80.1 0.19
0.0065 80.1 0.19
0.0065 80.1 0.18
0.0065 80.1 0.17
0.0064 122.1 0.17
0.0064 122.1 0.16
0.0064 122.1 0.15
0.0064 122.1 0.14
0.0064 162.8 0.13
0.0063 165.3 0.12
0.0063 165.3 0.11
0.0063 165.3 0.10
0.0063 165.3 0.08
0.0062 168.0 0.07
0.0062 168.0 0.06
0.0062 168.0 0.05

Total travel time (days)
Average gradient (ftlft)

rjh c:\scav\96-118\gwmodel.xls

0.0059
3768

0.0070
3172
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FIGURE 1. SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS 
Modeled Hydraulic Heads in North Area: Q=0.5 gpm, K=105 ftlday 
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FIGURE 2. SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Modeled Hydraulic Heads in South Area: Q=O.5 gpm, K=7.2 ftIday
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

.1":1'(1.1'1°

View of Plume Looking Down

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

/
I

Observed Centerline Concentrations at Monitoring Wells
! If No Data Leave Blank or Enter "0"

I i Data Input Instfuctions:------- .----

~
15 .........1. Enter value direct/v....or
or .x 2. Calculate by fiJlinq in qrey
.02 cells below. (To restore

---. I formulas, hit button belowl.
Variable* -. Data used directly in model.
"-'Value calculated by model.

(Don't enter anv data).

RUN ARRAY

rn25 (tt) r- L
o (tt) w
6 (yr)-t

RUN
CENTERLINE

5. GENERAL
Modeled Area Length*
Modeled Area Width*
Simulation Time*

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

6. SOURCE DATA
Source Thickness in Sat.Zone*[J]J(ft)
Source Zones:

Width* (ft) iCone. (m9Jl)*
] _ =:=J

~(peryr)

~
~(year)

§
(mg/L)
(mgIL)
(mgIL)
(mglL)
(mglL)

Source Decay-{seeAelp):
R 1~ (-) SourceHalflife* MlMIl-M (yr)

IJ' or Soiuble Mass
rho 1.325 (kgll) In NAPL, SOil1 Infinite I(Kg)
Koc 5010 (Ukg)
foe 8.60E-04 (-)

Vs I 640.9 !(ftlyr)
l' or

K 3.7E-02 (cm/Sf!C)
i 0.0063 (ft/ft)
n 0.375 (-)

alpha x 16.6 (tt)
alpha y 0.0 (tt)
alpha z 0.0 (tt)

"1' or

Lp 425 I(ft)

3. ADSORPTION
Retardation Factor*

or
son Bulk Density
Partition Coefficient
FractionOrganicCarbon

BIOSCREE;N Natural Attenuath;m Decision Support System
Air Force Center for Environmental Excellence Version 1.3

2. DISPERSION
Longitudinal Dispersivity*
Transverse Dispersivity*
Vertical Dispersivity*

or
Estimated Plume Length

1. HYDROGEOLOGY
Seepage Velocity*

or
Hydraulic Conduqivity
Hy~raulicGradient
Porosity

4. BIODEGRADATION
1st Order Decay Coeff* lambda

or
Solute Half-Life t-half
or Instantaneous Reaction Model
Delta 0xygen*. DO
Delta Nitrate* N03
Observed Ferrous Iron* Fe2+
Delta Sulfate* 804
Observed Methane* CH4
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DISSOLVED ACENAPHTHENE CONCENTRATION (mgll) - HYPOTH~TICAL PUMPING SCENARIO - NORTH AREA

\

1.785 1
j

I
I

TYPE OF MODEL

r No Degradatlo"1I

I 1st Order Decay

Inst. Reaction

Field Data from Site

°1.785

1.785

I 43

1.760

0.679

1.760

Distance from Source ift)

r- 85 1-'1;-8-1 170 I 2131 255 I· 298 I 340 I
. 1.708 _ 1.5~1- 1:..3~3 1-:°82. I' QJ~9_L 0.442_1 0.219
I ' ,I '

0.258 0.098 I 0.037 0.014 I 0.005 ' 0.002 I 0.001- - -- -. -I' - - i --- ~ - --., - -- i- - - -
. _!!.o8._ . ~.591__ _ 1-.:383 1.087 1_ ,0.?49_ ) 0.442 ~ 0.219

I . 0.065 I

383 I 425

0.090 L.0.030

0.000 ; 0.000
-'--~--

0.090 I _ 0032,_
I

..... 1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

2.000

= 1.50000.0
ru-
b~ 1.000~ eu _

=0 0.500U

0.000

a 50 100 150 200 250 300 350 400 450

Distance From Source (ft)

r Calculate 'Il Animation j
Time:

II 6.00 Years II ( R~~~:t=-._~llRecal:~late This shee~l
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Data Input InstrUctions: I
I

~
5 ---..1. Enter value directlv....or II

or ,,2. Calculate by filling in grey I
0.02' cells below. (To restore i

fqrmulas, hit button below). I
Variable* ........... Data used directly in model.

"-~Value calculate..d. b.y....m.ode/. I
(Don't enter any.data). '

~

ObseNed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter {<on

Anthracene I

South Cavalcade
North Area

RUN ARRAY

ffi25 (tt) r- L

o (tt) W
21 (yr) t .

RUN
CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:
q

5. GENERAL
ModeledA'reCi Length*
Modeled Area Width*
Simulation Time*

7; FIELD DATA FOR COMPARISON
Concentration (mg/L)r.:.,:":"'::"::'::"=';'-=----"'--"-'--T'"'--r-,--,,.----,,---,.,--.,-,--T'",----"

Dist.,from Source (ft)

6.· SOURCE DATA-
,~'Source Thickness in Sat.Zone*[JIJ (tt) Vertical Plane Source: Look at Plume Cross-Section

Source Zones: ,. ~ and Input Concentrations & Widths
Width* (ft) ICone. (mgll)* _ ,4", ,', for Zones 1, 2, and 3

i i

175.....,­Source Deca
Sourcef:lalfJife* i

Soluble Mass,. -, I
In NAPL,Soil .-

BIOSCRE,EN Natural·Attenuation Deci.sion Support System
Air Force Center fo('En.vironmental Excellence' , '. Version 1.3'

1. HYDROGEOLOGY
Seepage V~locity*'" . ' lis :~(ftlyr)

or -, or
Hydraulic Conductivity, K

........- .
3.7E-02 (em/sec)

Hydraulic Gradient.
I":;

i 0:0063 (ftIft)
Poro~ity ., n 0:375 (-).

2.'D1S~ERSION
Longitudinal Dispersivity*' alpha x 16.6 (tt)
Transverse Dispersivity'" alpha y 0.0 (tt)
Vertical Dispersivity"', alpha z 0.0 (tt)

~or 1'1' or
Estimated Plume Length Lp 425· I(tt)

3. ADSORPTION
Retardation Factor* R (-)

or
Soil Bulk DensitY' rho 1.325 (kg/l)
Partition Coefficient' Koe 12600 (Ukg)
Fri:':!ctionOrganicCarbbn . foe 8.60E-Q4 (~)

~..,

4. BIODEGRADATION '.
1st Order Decay'Coeff* lambda 2.8E-1 !(peryr)

. "or or
Solute Half-Life t-half 2.52 (year)
or InstantSneous Reaction Model
Delta Oxygen* . ..

DO §fWL)Delta Nitrate*, N03 (mgIL)
Observed Fe;"ous'lr6h* Fe2+ (mgIL)
Delta SUlfat~* ~.:~~-

.S04, (mgIL)
Observed Methane* CH4' . (mgIL)
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DISSOLVED ANTHRACENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

Distance from Source lft)

TYPE OF MODEL 0 I 43 I 85 I 128 170 I 213 I 255 I 298 I 340 I 383 I 425

No Degradation 0.339 I 0.338 0.336 0.332 0.321 i 0.301 ! 0.269 ! 0.225 0173 i 0.120 0.074
I I

, ,
1st Order Decay 0.339 1 0.189 0106 0059 0.033 0.018 I 0.010 0.006 0.003 0.002 0.001! I

I - - , 1

Inst R.eaction 0.339 1 0.338 0.336 , 0.332 0.321 I 0.301 0.269 0.225 ! 0.173 0.120 0.074
1

,
I - -I

IField Data from Site I i 0.001 I
I I i :

.....1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

0.400
s::
0

0.300~
lQ-

b~ 0.200
~ eu _
s:: 0.1000
U

0.000

a 50 lad 150 200 250 300 350 400 450

Distance From Source (ft)

r
I
I CalculateI Animation l

Time:

II 21.00 Years II (-- R~t~;n-t~-----ll'RecalculateThis Sheetll lnput J __.__ .. __ _'
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

/1"/'1(::1 1'1"1..•, .Ij ••

View of Plume Looking Down

Variable* -. Data used directly in model.
Ell-.Value calculated by model.

(Don't enter any data).

Data Input Instructions:

~
5 --.1. Enter value directlv....or

or " 2. Calculate by fiJ/inq in qrey
0.02 ~ celfs below. (To restore

fonnulas, hit button below,.

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1,2, and 3

--.--.

1
I

Observed Centerline Concentrations at Monitoring Welfs
I 'If No Data Leave Blank or Enter "0"

RUN ARRAY

~
25 (ft) fL
a (ft) w
4 (yr).

RUN
CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

5. GENERAL
Modeled Area Length*·
Modeled Area Width*
Simulation Time*

6. SOURCE DATA
Source Thickness in Sat.Zone*[}[](ft)
Source Zones:

Width* (ft) ICone. (mg/L)* _

I I
1

175....'n
Source Deca

SourceHalflife*

Soluble MaSSI I
In NAPL, Soil

1. HYDROGEOLOGY
Seepage Velocity* Vs '~(ftlyr)

or or

Hydraulic Conductivity K
~

3.7E-QZ (em/sec)

Hydraulic Gradient i 0.0063 (ft/ft)
Porosity n 0.375_ (-)

2. DISPERSION
Longitudinal Dispersivity* alpha x 16.6 (ft)

Transverse Dispersivity* alpha y 0.0 (ft)
Vertical Dispersivity* alpha z 0.0 (ft)

or or

Estimated Plume Length Lp 425 left)

3. ADSORPTION
Retardation Factor* R 3.1 (-)

or .", or

Soil Bulk Density . rho 1.325 (kgll)
Partition CoefficiEmt ' Koc 676 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coetr lambda (peryr)

or
Solute Hiillf-Life t-half (year)
or Instantaneous Reaction ,Model
Delta Oxygen*' DO §(m¢)
Delta Nitrate* N03 (mgIL)
Observed Ferrous Iron* Fe2+ (mgIL)
Delta Sulfate* S04 (mglL)
Observed Methane* CH4 (mg/L)

BIOSCREEN Natural Attenu~tionDecision Support System
Air Force Center for Environmental Excellence Version 1.3
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DISSOLVED ETHYLBENZENE CONCENTRATION (mlifl) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

Distance from Source (ft)

TYPE OF MODEL 0 \ 43 1 85 I 128 I 170 I 213 I 255 I 298 I 340 I 383 I 425
i

No ~egradatlon
,

0.292
,

0.292 0.292 I ! 0.292 I0.292 0.292 0.292 0.292 0.292 I 0.291 0.290I I
,, , .--

r
- i- r ,.

1st Order Decay 0.292 I 0.237 0.192 0.156 0.126 0.103 i 0.083 0.067 0.055 0.044 0.036
! - -, - - I

Inst. Reaction 0.292 0.292 0.292 0.292 I 0.292 0.292 0.292 0.292
I

0.292 0.291 0.290,
I I ii ; ,

Field Data from Site , I I 0.008 I I,

....... 1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

-.r

-

* *
* * * * * * •

§
"..C_

~~
~ 6lJ _

c:o
U

0.400 1 I
0.300
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0.100

0.000
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I
I
l _

Calculate
Animation

Time:

II 4.00 Years II l Return to; jHecalculate. T.his 5;::1
Input ) \_ _ __ .

- - _. ----
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Recalculate This
Sheet
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Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

/1,,11 11::11'1"1. .I ., I.'

View ofPlume Looking Down

--.

1
I

Observed Centerline Concentrations at Monitoring Wells
f If No Data Leave Blank or Enter "0"

---- _. - -- - - --------
South Cavalcade Data Input Instructions:

North Area ~-~1. Enter value directlv....or
Benzene ~~ 2. Calculate by filling in grey

cells below. (To restore

RUN ARRAY

~
25 (ft) ;--L
o (ft) w
2 (yr)"

RUN
CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

7. FIELD DATA FOR COMPARISON
Concentration (mg/l) ....' ---.,-,--.,-,--.,-,--..-,--..-,--..-,---.-,---.-,---.-,--,-,----"

Dist. from Source (ft)

5. GENERAL
Modeled Area length·
Modeled Area Width·
Simulation Time·

6. SOURCE DATA
Source Thickness inSat.~ (ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) ICone. (mg/l)· _ .~ for Zones 1, 2, and 3
I

175..,
Source Deca

SourceHalflife·'

Soluble MassI' _. I
In NAPL, Soil .-

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs 640.9 I(ft/yr)

or or
Hydraulic Conductivity K 3.7E-02 (em/sec)
Hydraulic Gradient i 0.0063 (ffIft)
Porosity n 0.375 (-)

2. DISPERSION
longitudinal Dispersivity· alpha x 16.6 (ft)
Transverse·Dispersivity· alpha y 0.0 (ft)
Vertical Dispersivity· alpha z 0.0 (ft)

or l' or
Estimated Plume length Lp 425 (ft)

3. ADSORPTION
Retardation Factor· R 1.2 (-)

or 11' or
Soil Bulk Density rho 1.325 (kgll)
Partition Coefficient Koe 64.6 (Llkg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff" lambda I 3.5E-1 !(peryr)

or ,11' or
Solute Half-life t-half I 2.00 I(year)
or Instantaneous Reaction Model
Delta Oxygen·· DO §(m~)
Delta Nitrate· N03 (mgIL)
Observed Ferrous Iron· Fe2+ (mgIL)
Delta Sulfate· S04 (mglL)
Observed Methane· CH4 (mglL)
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DISSOLVED BENZENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

Dista1lce from Source ift)

TYPE OF MODEL 0 I 43 I 85 I 128 I 170 I 213 I 255 I 298 I 340 I 383 I 425

3.799 3.799 3.799 3.799 3.799 3.799 3.799
I

3.799No Degradation 3.799 3.799 : I 3.798
I

, 1 .
1st Order Decay 3.799 3.697 3.598 3.501

,
3.407 3.316 3.227 I 3.140 I 3.056 2.974 2.894I 1 , I

- . I - -
I I ,

Inst Reaction 3.799 I 3.799 3.799 3.799 , 3.799 3.799 3.799 3.799 r 3.799 3.799 3.798I I I- . r j -r I

i 1 ,
Field Data from Sfte I 0.006 I I

I I I I I

~ 1st Order Decay Instantaneous Reaction ,-No Degradation :: Field Data from Site

4.000 -
c:

3.000
0
:t:_

~~ 2.000
~S

1.000c:
0

U
0.000

a 50 100 150 200 250 300 350 400 450

II 2.00 Years IICalculate
Animation

- Time:

Distance From Source (ft)

') ·------~1
Return to I!Recaicuiate This Sheet

Input. .--' l. _ _
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

jl"II,I::!l"'". .I ••. I"

View of Plume Looking Down

Observed Centerline Concentrations at Monitoring Wells
{ If No Data Leave Blank or Enter "0"

RUN ARRAY

(yr)

-----------_.._--"-
•South Cavalcade Data Input Instructions:

North Area ~15 --.1. Enter value direct/v....or
Flourene or 2. Calculate by fil/ina in arey

0.02.x cells below. (To restore

E§25 (ft) t L -+ formulas, hit button below/.
o (ft) w~ Variable* -~ Data us~tly in model.
3 (yr)" ..-.Value calculated by model.

(Don't enter any data).

o 0
o 0

175

RUN
CENTERLINE

6. SOURCE DATA
Source Thickness in Sat.Zone*O[J(ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width" (ft) :Conc. (mglU* ~ for Zones 1, 2, and 3
i

7. FIELD DATA FOR COMPARISON
Concentration {mg/L)r,---,I--,I--"--"--"--,I--or,--T,--T,--T,-----"
Dist. from Source (ft)

5. GENERAL
Modeled Area Length*
Modeled Area Width*
Simulat~on Time*

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

Source Deca
SourceHalflife*'

Soluble MassI' _. I
In NAPL, Soil Infinite (Kg)

1. HYDROGEOLOGY
Seepage Velocity* . Vs 640.9 I(ftlyr)

or 1'1' or

Hydraulic Conductivity K 3.7E-02 (em/sec)
Hydraulic Gradient i 0.0063 (ftIft)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity* alpha x 16.6 (ft)
Transverse Dispersivity* alphay 0.0 (ft)
Vertical Dispersivity" alpha z 0.0 (ft)

or
Estimated Plume Length Lp (ft)

3. ADSORPTION
Retardation Factor" R (-)

or
Soil Bulk Density rho 1.325 (kg/l)
Partition Coefficient Koe 7940 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda (per yr)

or
Solute Half-Life t-half 0.33 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO §(~IDelta Nitrate* N03 (mgIL)
Observed Ferrous Iron* Fe2+ (mglL)
Delta Sulfate" S04 (mglL)
Observed Methane* CH4 (mglL)

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3
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DISSOLVED FLOURENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

TYPE OF MODEL 0 I 43 I 85 I 128 ! 170 I 213 I 255 I 298 I 340 I 383 I 425

! No Degradation 0.881 0.661 0.382 0.137
I

0.028 0.003 I 0.000 I 0.000 0.000 I 0.000 : 0.000I I- - I T - -- - 1

I 1st Order Decay 0.881 I 0.122 0.017 0.002 ; 0.000 0.000 0.000 I 0.000 0.000 0.000 0.000I I ! - -- t

I Inst. Reaction 0.881 0.661 0.382 0.137 0.028 0.003 0.000 I 0.000 0.000 I 0.000 0.000I

I
. - I I [ - -

Field Data from Site 0.043 I , I

---1st Order Decay

DistQflce from Source ift)

Instantaneous Reaction No Degradation :: Field Data from Site

I::
o'J:l _

~~
~ 6v _

=o
U

1.000 TJ--------------------------------,
~ I

0.800 _I

0.600

0.400

0.200
0.000 ~ i i ~ i i* II , -;. ~gnlll...'1~~'9•••'" ..m t. r-IIJ I I~

a 50 100 150 200 250 300 350 400 450

Calculate
Animation

Time:

II 3.00 Years II

Distance From Source (ft)

Return to ll'·~eca,cu,ateThis Sheetl
Input i ....-----_._-_.... -----
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Recalculate This
Sheet
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Restore Formulas for Vs,
Dispersivities, R, lambda, other

View of Plume Looking Down

Data Input Instructions:

~
15 .....-.1. Enter value directlv....or
or ,,2. Calculate bv fillina in arev

_.02' cells below. (To restore
fonnulas, hit button below,.

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

---+

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

RUN ARRAY

~
25 (ft) r- L

o (ft) w
6 (yr)"

RUN
CENTERLINE

Variable" -. Data used directly in model.
..-.Value calculated by model.

I (Don't enter any data).
- - ..-

8. CHOOSE TYPE OF OUTPUT TO SEE:
q

5. GENERAL
Modeled Area Length"
Modeled Area Width"
Simulation Time"

6. ~uUKCEDATA
Source Thickness in Sat.Zone"l 15 I(ft)
Source Zones:

Width" (tt) Cone. (mg/l'"

175.....,
Source Deca

SourceHalflife*'

Soluble MaSSI . I
In NAPL, Soil .-

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity" Vs 640.9 (ftlyr)

or or
Hydraulic Conductivity K 3.7E-02 (cm/sec)
Hydraulic Gradient i 0.0063 (ftIff)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity" alpha x 16.6 (ft)
Transverse Dispersivity" alpha y 0.0 (ft)
Vertical Dispersivity" alpha z 0.0 (ft)

or
Estimated Plume length Lp (ft)

3. ADSORPTION
Retardation Factor" R 4.9 (-)

or 1'1' or
Soil Bulk Density rho 1.325 (kgl1)
Partition Coefficient Koe 1290 (Ukg)
FractionOrganicCarbon foe 8.60E-Q4 (-)

4. BIODEGRADATION
1st Order Decay 6oeft" lambda (peryr)

or
Solute Half-Life t-half (year)
or Instantaneous Reaction Model
Delta Oxygen" DO §(m~)
Delta Nitrate" N03 (mgIL)
Observed Ferrous Iron" Fe2+ (mgIL)
Delta Sulfate" S04 (mgIL)
Observed Methane" CH4 (mgIL)

000793



DISSOLVED NAPHTHALENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

Dista1JCe from Source ift)

TYPE OF MODEL 0 43 I 85 I 128 I 170 I 213 I 255 I 298 I 340 I 383 I 425

No Degrada'lion 12730 12730 12.1"30 j 12/29
,

12.;'27 I 12.723 I 12 713 '269'1 ! 12646 '12559I 12.1'30 j , I, r , i

r
T i :

I 1st Order Decay 12.730 9.560 7.179 i 5.391 I 4.048 3.040 I 2.283 1.714 1.287 I 0.967 0.726
- _. - -i I i - --- r

I Inst Reaction 12.730 I 12.730 12.730 12.730 I 12.729 12.727 I 12.723
I

12,713 12.691 12.646 12.559I I

I
I -- r I I -; - -j - 1

Field Data from Site I I I 1.600 I I

i I

.....1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

10.000

1::
o
".C_

b~
5 ev _

c:=
o

U

15.000 i i

:1

5.000 -

0.000 ~L~~+-~~--.+-~-=:::::::::::::;:;..::;::~;::::::~~~~"",,~~J
o 50 100 150 200 250 300 350 400 450

Calculate

Animation

Time:

II 6.00 Years II

Distance From Source (ft)

')' -~)

r Return to j' IReca.Iculate This Sheet,
I Input ... L _ _ ___._- "_.-
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

. View ofPlume Looking Down

Variable· -.Data used directly in model.
Ell-+ Value calculated by mailel.

Don't enter any data).

Data Input Instructions:

~
5 -..1. Enter value directlv....or

or ,Jt 2, Calculate b,V fill,ing in, grey .
0.02 cells below... (To resto~

formulas, hit blitton ·below,. .,

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0·

Phenanthrene

South Cavalcade
North Area

rn42S ' (ft) ;"r L

° (ft) W
11 (yr)"

Source Deca
Sour~Halflife~'1

SOlutile.M~ssl . I
In NAPL. Soil

"5/G~NERAt.,, . "
Mddeled,Area Length· .

. Modeled Area Width·
, Simul~tion Time·: .

~'"..

'ft)
'ft)
·ft)

(-)

(cmls~)\,
(ftlftX
(-)

(kgA)
(Ukg)
(.:)

(peryr)

39.3

'If' or

1.325
: 12600
8.60E-04

16.6
0.0
0.0

If' or

425',

6.3E-1
ljf\ or

I 1.10 I<year)

.....
640.9

i;'J\ or

, 3,7E-02'
O.OO63~

0.375

§
(mgIL)

. (mgIL)
(mgIL)
(mglL)

, (mglL)

rho
Koe .

foe

. R',

lambda

lp.

alpha x·"
.alpha y
,alpha z

B,IOSCREI;N..N,tural Atten'uation ,Decision' Support System
AirForoeCenter,for,'EnvironmentaIExclflllence" ',. ~:" . . 'VersiOn 1.3', ',. ;',

?\.:''';;•.'~~J:;~;:;::'\._;;i"~; ':. h' ;",.": ~~:: • ,~- ...Z -:fA •

-----",-=---;-:-'----,--~---,..,-----''-'===:.:..:~---i

1;'HYDROGEObooy,. . t

seePage Ve,oqitY~· f; <. -,' '·Vs

"~<' .~r" ..(:.' ',.
Hydraulic'Cond~~vity . K.,
Hydra'ulic'Gradient ;" <:, ,,,,'
Porosity',,'" ."., ",. .>,

,;,' "', '.~ - .... ' ",'

3.ADSOR,pTlON "
Retardation, Fac,tor· •

:~ .or
Soil Bulk Density..
Partition COefficient
Fr~ctionOrgariicCarb,on
• ;;>" "'"

4. BIODEGRADATION
1st Order Decay Coeff*

or
Solute'Half-Life t-half
or Insfanta';'eOus·.Reaction' Model'
Delta OXygen· " DO
Delta Nitrate~ N03
Obse~edFerrous Iron· l=e2+
Delta Sulfate· • .804
Observed Methane· .... CH4

000795



DISSOLVED PHENANTHRENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

TYPE OF MODEL

No Degradation

1st Order Decay

Inst. Reaction

Field Data from Site

o
0.598 I 0.575

- i

O~L 0192

0.59~ _~ 0.575

IT-
0.062 I 0.020

- -\
0.532 I 0.448- ,-

I _ 0.200

I 0.002

0.328 : 0.200

0.001

0.098

0.026

0.011
!

0.000 ' 0.000

0.038 0.011 0.003

425

0.000

0.000

0.000

.....1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

c::
o
:::l_

~~
~ ev _
c::
o
U

0.800~ , ii' I
0.600 =.: .j 1 1--- - I
0.400' " , ---- ~ -r - - I

I I0.200! 1 T •.• , I

0.000 1 i lb· iii I iii * , :r:: i~ , i.: J ,. It , • I i. i i

o '50 100 150 200
.;-.

250 300 350 400 450

Calculate
Animation

Time:

II 11.00 Years II

Distance From Source (ft)

r~_-R~i~;-n_t;;-_l['Recalculate This Sheetl
I, __ . __Input _, '. . _" .
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities. R, lambda, other

Help

View ofPlume Looking Down

Variable*-. Data used directly in model.
Ell-.Value calculated by model.

(Don't enter anv data),

--+

]

i
Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0·

I {Data Input Instructions: --

~
5 ---.1. Enter value directlv....or

or ,,2. Calculate by fillinfJ in fJrey
0.02 - cells below, (To restore

formulas, hit button below),

o

RUN ARRAY

[ View Output:

5§25 '(tt) ~ L

o (ft) W

60 (yr)'"

PEOFODO

RUN
CENTERLINE

RUN
CENTERLINE RUN A

[ View-O-~tP~t~

7. FIELD DATA FOR COMPARISON
Concentration (mg/L)r.:.:,:"":""::"":':"::'=";,-=---...,.,--.,-,--,.-,--,..-,--,..----,,--..,-,--.,-,--,.-,---"

. Dist. from Source (ft)

5.,Gi;NERAL
i Modeled Area Length*
Modeled Area Width*
Simulation Time*

.6. SOURCE'DATA· .'
.' Source Thickli'ess in Sat.Zo~e*c:::ID(ft) Verlical Plane Source: Look at Plume Cross-Section

Source Zones: ~ and Input Concentrations & Widths
Width* (ftl JCone. (mglL)* _ .4 .' ., . for Zones 1, 2, and 3

i

BIOSCREEN N~tur~1 Attenuation D~cision Support System
Air ForCe Cent~r for Enyi'!Jnmen(al Excellence Version 1.3

1. HYDROGEOLOGY', ,b

Seepage Ve.'ocitY* .
.<

"/' I(ft(yr). Vs 640.9
or ~;:~ ~ or

Hydraulic Conductivity
",

·<K 3.7E-02 (em/sec). . ,
(ftIft);'Hydraujic'Gra~ient' " i 0.0063'

Porosity'" ·2
~.. , h ' n, 0.375 (-)'';,.,-'.

2. ,DISPERSION'
LongitUdinal Disp$rsivity* alpha x 16.6 (ft)
Transverse' Dis~rsivity'l alpha y 0.0 (ft)
Vertical.Dispersivity* . alpha z 0.0 (ft)

or or
Estimat~"Plum~' LJngth Lp 425 J(ft)

3. ADSORPTION
Retardation Factor* ;' ;.. R (-),

.:or ~'I ,~W ,

Soil Bulk Density rtJo 1.325 (kgll)
Partition Coefficient Koe 38000 (Ukg)
FractionOrganicCarbon foe 8,60E-04 (-J

4. BIODEGRADATtON
1st Order DecayCoeff* lambda 6.7E-2 (peryr)

.,. or or
Solute Half-L.ife .' t-half 10.40 (year)
or Instantaneous Reaction Model
Delta Oxygen*, DO §lmgAC)
Delta.Nitrate* N03 (ingIL)
Observed Ferrous Iron* Fe2+ (mgIL)
Delta Sulfate*- S04 (mgIL)
Observed Methane* " o. CH4 (mg/L)'

000797



DISSOLYED PYRENE CONCENTRATION (mgll) - HYP0'fHETICAL PUMPING SCENARIO - NORTH AREA

Distallce from Source ift)

TYPE OF MODEL 0 I ,43 I 85 I 128 I 170 I 213 I 255 298 I 340 I 383 I 425

- No Degradation 0,109 I 0109 I 0.108 0.106 I 0.102 0,095 I 0.083 0.068 I 0.050 0.034 0.020I I...:c. I I -

1st Order Decay 0.109 I 0070 0.045 0.029 0,019 0,012 0.008
I

0.005 0.003 0.002 0.001I
I - t - --!
i 1

Inst. Reaction 0,109 0109 0,108
I

0.106 I 0.102 0.095 0.083 0.068 0.050
,

0.034 I 0.020I i I I
I 1 - 1 i

Field Data from Site I 0.001 ,

....1stOrderDecay Instantaneous Reaction No Degradation :: Field Data from Site

450

I

r
I
:

-~

400350

=
0.120

0 0.100 j ""-- I - i',Q
~- 0.080 I -!

b~ 0.060
~ 6
y - 0.040
= 0.020 1 * I I
0
U

-_.
i *

, 1-

0.000 ~

0 50 100 150 200 250 300

Distance From Source (ft) .

r Calculate
Animation

Time:

II 60,00 Years II [
'-.-.-

Return to '11~ecalculateThis Shee~
Input ) . __
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs.
Dispersivities, R, lambda, other

Help

View ofPlume Looking Down
/'

Observed'Centerline Concentrations at Monitoring Wells
I .' If No Data Leave Blank or Enter "0"

Toluene

• I South Cavalcade
North Area

RUN
CENTERLINE

I'

I
Source Qec~

SourceHalflife"

Soluble Mass, . I
In NAPL, SoH

(ftlyri .

Data Input Instructions:

~
15 -.1. Enter value directlv....or
or 2. Calculate by filling in grey

, ~;' }3ENERAL, ; L 0.02·~ cells below. (To ~sto~e
, Model~ Are~ Length* rn25 (ft) l-- ~ formulas. hit button below.
Modeled Area Width* 0 (ft) W-. Variable* ---,-~ Data used directly in model.

(em/sec) , Simulation Thne*, ' 1 (yr) t '; .' ;~ ..~Value calculated by model.
(ftIfl),. "C';~ (Don't enter an data).
(-)" . - --,',--- -'-_.

3.7E-02
0.0063
0:375

640.9
11'~

BIOSC~EEN.NaturalAttenuation D~cision Support System
Air Force. Center for-'En.viron':"ent~tExcellence. ',} ';: . "'. VersiQn 1.3 ,

1:'HYDROGEOC-OGY
Seepage Velocity*·', "-, Vs,'

ot, \; ,",'
HydrauligCon<Nctivity _, K
Hydraulic'Gradi'ent . '. j ..

Poro$,tyi;' '~, '. ;'~.,. ~,:. ,:. n

2,.~ DISPERSION";
Longitucfin;;il DisperSivity* .alptia x 16.6 (ft)
Transverse Dis~rsivity*'alpha'y 0.0 (ft)
Vertical DisPersivity* .alpha z 0.0 (ft)

,;or· . ",,' or

EstiriiatedPlum~I.~ngth Lp '" 425 I(ft)
-:.: .

3. ADSORPTION" '"
Ret~lrdatiob Factor*" R (-)

, ", :,,··or;· .... j;

Soil BulkDensity . rho 1.325 (kgll)
Partition' Coefficient . Koe ,257 (Ukg)
Frat!ioROrganicCarbon, foe 8.60E-04 (-)

>'. hi .'
;.,:. :.' ~.

4:' BIODEGRA-"='D-AT='I"='O"""-N
1st Order be~ayCoe~, . lambda 8.7E+.PJ(peryr)

..:' or' ,- . ... ..; or

Solute Half-Life , ~'t-half 0.08 (year)
or Instantaneous ReactJon Model. .
[)elta Oxygen<r.· DO §(t'ng/L)
Delta Nitrate* N03 (mgIL)
Observed ~erious Iron* Fe2+ (mgIL)
Delta $ulfate* . Of ,. 804 (mg/L)
Observed Methane*" CH4 (mgIL) .

000799



OISSOLYEO TOLUENE CONCENTRATION (m~) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

Dista"cefrom Source (It)

TYPE OF MODEL 0 I 43 I 85 I 128 I 170 I 213 I 255 298 I 340 I 383 I 425

No Degradation 1041 1.039 1.035 1.024 0.998 0.949 I 0.865 0.745
I

0.596 0.435 0.287! I i,

I
-

I
i

1st Order Decay 1.041 I 0.476 I 0.217 0.099 0.045 0.021 0,009 0.004 0,002
I

0,001 0,000
- i , - .

"
lost Reactloh 1.041 1.039 1.035 1.024 0,998 0.949 I 0,865 0,745 0.596

,
0.435 0.287

1 i .
Field Data from Site I 0,005I I

I

...... 1sf Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

45040035030025020015010050

1.200
1.000

0.800

1
~.~ : I 1 I0.600 I r - I r

I , I

0.400 . I! I Ii!o200 'I I - _ .-l _. .- - ,- -

0:000 ~ ,I ,~ ,i, , ,I~. i i k, , == ,J ,: i ,:, ,
o

I::
o
:0_

~~
~ e
y-

=8

Distance From Source (ft)

r calcu-I~
I Animation j
------- --- '---

Time:

II 1,00 Years II l.. R~~::t to 1j~ecal~u~~e T~i~~ee4
-----
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R. lambda, other

Help

--+

~I 1 ,ViewofPlume Looking Down

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

i I Data Input Ins-iiuCiiOi,s:- - -- .------

~
15 ---.1. Enter value directfv....or
or :# 2. Calculate by fillin(:1 in (:1rey

0.02' cells below. (To restore
formulas, hit button below,.

Variable· -. Data used directly in model.
...-.Value calculated by model.

Don't enter any data).

RUN ARRAY

rn25 (ft) r- L

o (tt) w
5 (yr)'"

RUN
CENTERLINE

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

6. SOURCE DATA
Source Thickness in Sat.Zone·[JIJ(ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) IConc. (mg/L)· _ ~.. for Zones 1,2, and 3
i

7. FIELD DATA FOR COMPARISON
Concentration (mg/L) i~:"::"'::'=':::';i~-"-'--T'--.,-,--T'""'---".----,,--.,-,--.,-,--T'----"

Dist. from Source (ft)

175...,­Source Deca
SourceHatflife*

Soluble MassI' _. I
In NAPL, Soil .-

5. GENERAL
~odeled Area Length·
Modeled Area Width·

,Simulation Time·

BIOSCREEN Natural Attenuation Decision Support System
AirForce Center for'Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs 640.9 J(ftlyr)

or i"l' or

Hydraulic Conductivity K., 3.7E-02 (em/sec)

Hydraulic Gradient i 0.0063 (Mf)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity· alpha x 16.6 (ft)
Transverse Dispersivity* alpha y 0.0 (ft)
Vertical Dispersivity· alpha z 0.0 (ft)

or
Estimated Plume Length Lp (ft)

3. ADSORPTION
Retardation Factor· R 3.1 (-)

or "I' or

Soil Bulk Density rl70 1.325 (kgll)
Partition Coefficient Koe 692 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4..BIODEGRADATION
1st Order Decay Coeff* lambda 6.9E-1 (peryr)

or
Solute Half-Life t-half (year)
or Instantaneous Reaction Model
Delta Oxygen· DO §(m~)
Delta Nitrate· N03 (mgIL)
Observed Ferrous Iron· Fe2+ (mgIL)
Delta Sulfate· S04 (mglL)
Observed Methane· CH4 (mglL)

000801



DISSOLVED XYLENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - NORTH AREA

Distance from Source (ft)

TYPE OF MODEL 0 \ 43 I 85 128 170 I 213 255 298 I 340 I 383 I 425

No Degradation 0.313 0.313 0.313 0.313 0.313 0.313 I 0.313 0.313 I 0.313 0.313 I 0.313

I i I
:

,
1" 1st Order Decay 0.313 0.273 I 0.239 0.208 0.182 0.159 0.139 0.121 I 0.106 0.093 I 0.081" - I !-, r - ---,

Inst Reaction 0.313 I 0.313 0.313 0.313 0.313 0.313 0.313 0.313 0.313 I 0.313 0.313
l . - 1 , -,

Field Data from Site 0.009
,

r
I , I I , I

......1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

450400350300

I II !• ; • ! •
I 1 l

- * I I Ii *
--I

I * !

I
-I-- I ._.., - -_.

II di i

'10'0 150 200 25050o

OAOO...------,-----..:;......:..---..,...:-----,-----;----r------------,
I

0.300 -; :

0.200 : - I -;
I ,

0.100 - ~

0.000 :1 i i

I::ooJ: _

~~
5 e
y -I::
o
U

Distance From Source (ft)

r Calculate
Animation

Time:

II 5.00 Years II l' Return to 'll' ~
Input .l Recalculate This Sheetl

--- -- -----' - -~- - -
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variable- -+ Data used directly in model.
..-.Value calculated by model.

'Don't enter any data).

Data Input Instructions:

~
~1. Enter value direct/v....or

or 2. Calculate by filling in grey
0.02 ~ cells below. (To restore

fonnulas, hit button below,.

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

--+

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

RUN ARRAY

moo (fl) r- L

a (fl) W

5 (yr)'"

RUN
CENTERLINE

6. SOURCE DATA
Source Thickness in Sat.Zone-[TI](fl)
Source Zones:

Width- (ft) Cone. (mg/L)- _
i

5. GENERAL
Modeled Area Length­
Modeled Area Width­
Simulation Time-

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

7. ,FIELD DATA FOR COMPARISON
Concentration {mg/L)r-,:"':"'::"::"::'::';i~-'"'Ti--"i--Ti--,I--rl---."r--.,,--.:-:-=-"T'--T'----,'

Dist. from Source (ft)

BIOSCREEN Natural Attenuation Decision Support System
AirForce Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity* Vs (fflyr)

or
Hydraulic Conductivity K 2.5E-03 (em/sec)
Hydraulic Gradient i 0.0072 (ftIft)
Porosity i, n 0.375 (-)

2. DISPERSION
Longitudinal Dlspersivity* alpha x 16.6 (fl)
Transverse Dispersivity* alpha y 0.0 (ft)
Vertical Dispersivity* alpha z 0.0 (fl)

or ."" or
Estimated Plume Length Lp 400 J(ft)

3. ADSORPTION
Retardation Factor- R (-)

or
Soil Bulk Density rho 1.325 (kglf)
Partition Coefficient Koe 676 (Ukg)

, FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda 1.1E+0 I(peryr)

or or

Solute Half-Life t-half 0.62 (year)
or Instantaneous Reaction Model
Delta Oxygen-. DO §(m~)
Delta Nitrate- N03 (mgIL)
Observed Ferrous Iron- Fe2+ (mgIL)
Delta Sulfate- S04 (mgIL)
Observed Methane- CH4 (mgIL)

000803



DISSOLVED ETHYLBENZENE CONCENTRATION (m&'l) - HYPOTHETICAL PUMPING SCENARIO - SOUTH AREA

Distance from Source ift)

-TYPE OF MODEL 0 I 40 I 80 I 120 I 160 200 I 240 I 280 1- 320 I 360 I 400

No Degradation 0.292 I 0.230 0.149 I 0.067 0.019 0.003 0000 I 0.000 0.000 I 0000 0000

1st Order Decay 0.292
I

0.057 0.011 0.002 0.000 0.000 0.000 0.000 0000 0.000 0.000I I I
I , I -. . fnst. Reaction 0.292 0.230 0.149 0.067 0.019 I 0.003

I
0.000 ! 0.000 0.000 0.000 0.000

I
I

Field Data from Site
I , 0.005I

.....1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

0.400 i I

0.300 iL::: : : I --I

0.200 -I ~ ~ I

~:~~~] i :s i I J:::, ::i:. J ,~: : ~ I, ,B , : , ~ : I: m, , $ i i .I

c:
Q
".C_

~~
~ E!u __

S
u

o 50 100 150 200 250 300 350 400 450

Distance From Source (ft)

Time:
Calculate
Animation II 5.00 Years II Return to

Input
Recalculate This Sheet

- --- -----
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Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variabl~" -.. Data used directly in model.
Ell-.Value calculated by model.

'Don't enter any data).

Data Input Instructions:

~
. ~1. Enter value dlrectlv....or

or 2. Calculate by fillina in arey
0.02 '" cells below. (To restore

formulas, hit button beIQw,.

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

~

South Cavalcade
South Araa

RUN ARRAY

Benzene

moo fft),' r- l

a (ft) w
16 (yr) +

6. SOUR'CE DATA
Source Thic!<ness in sat.Zone*[JIJ (ft)
Source Zones:

Width· (ft) leone. (mg/l)· _
I

5. GENERAL
Modeled Area Length*
Mpdeled Area Width*
Sirnulation Time"

'I',
Source Deca

SourceHatflife'"
Soluble Mass, • I
In NAPl, Soil

1.' HYDROGEOLOGY
S~page Velocity" Vs (fflyr),:,

or
HYdraulic Conductivity K 2.5E-03 (ein/see)
Hydraulic Gradient i 0.0072 (ftIft)
Porosity n 0.375 (-)

c.

2., DISPERSION
Longitudinal Olspel'$ivity" alpha x 16. (ft)
TransJerse DisPerslvity" alphs y 0.0 (ft)
Verti,cal Dispersivity" alphs z 0.0 (ft)

or or

Estimated Plume Length Lp ~O.O_J(ft)

3. ADSORPTION
Retardation Factor" R (-)

or
Soil Bulk Density rfJo 1.325 (kgll)
Partition Coefficient Kqc 64.6 (Ukg)
.FractionOrganicCarbon foe 8.60E-Q4 (-)

4: BIODEGRADATION
1sfOrder Decay Coetr' lambda

or
~oiute Half-Life t-half 2.00 J(year)
or Instantaneous Reaction Model
Delta Oxygen". DO §Img,t) ,
Delta N~ra~e* N03 (mgIL)
Observed Ferrous Iron* Fe2+ (mgIL)
Delta Sulfate* 504 (mgIL)
Observed Methane" CH4 (mgIL)

'BIO,SCREEN Natural Attenuation Decision Support System
AirForce Cimter for Enviror"mintsl Excellence •., Versjon 1.3
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DISSOLVED BENZENE CONCENTRATION (mgll) - HYPOTHETICAL PUMPING SCENARIO - SOUTH AREA

Distance from Source iff)
TYPE OF MODEL 0 I 40 I 80 I 120 I 160 I 200 I 240 I 280 1- 320 I 360 I 400

j. No Degradation 3.799 I 3.799 I 3799 3.799 3.798 I 3.796 I 3.791 I 3.781 3.760 3.722 3.656I
~

1st Order Decay 3.799
,

2.822 2.097 1.558 1.157 I 0.860 I 0.639 I 0.474 0.352 I 0.262 0.194

lnst. Reaction 3.799 3799 I 3.799 1 3.799 3.798 ! 3.796 I 3.791 3.781 I 3.760 3.722 3.656,

I
I

.-- -
Field Data from Site I , I I 0.005I I

....1st Order Decay Instantaneous Reaction No Degradf!tion :: Field Data from Site

5..c_
b~
~ su _

=8

4.000

3.000

2.000

1.000

0.000

.~
, ,

I

I I T "1, I I
.,...~

I I I 1

I I I
I I

-r--- I \
,

! ,

I I j I
I tI .

OT

o 50 100 150 200 250 300 350 400 450

Distance From Source (ft)

Calculate
Animation

Time:

II 16.00 Years II
-- ------- ----------....

"

Return to ll~ecalCulate This Sheet
Input ) l /.,
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variable· -.Data used directly in model.
Ell-.Value calculated by model.

'Don't enter anv data).

Data Input Instructions:

~
---';1. Enter value directlv....or

or "'" 2. Calculate by fillin(J in (JfeY
0.02 cells below. (To restore

formulas, hit button below,.

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

---+

l

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0·

o

RUN ARRAY

[ View Output]

~
oo (ft) r- L

o (ft) w
9 (yr)-+

~<= 01" 0DO

RUN
CENTERLINE RUN A

RUN
CENTERLINE

[ View Output . :

6: SOURCE DATA
Source Thickness in Sat.Zone·r::=.J]J(fl)

. Source Zones:
Width· (tt) Cone. (mg/L)* _

,~. GENERAL
M60eied Area Length·
Modeled Area Width·
Simulation Time·

BIO.SCREEN Natural Attenuat~on Decision Support System
AirForee CenterforEnvironmenta(Exeellenee;·' Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs (ftlyr)

or'
Hydraulic Conductivity K 2.5E-03 (em/sec)
Hyc;lraulic Gradient i 0.0072 (ftIft)
Porosity

.'
n 0.375 (-)

------~

2. DISPERSION
Longitudinal Dispersivity* alpha x --ro.-6- (tt)
Transverse Dispersivity· alpha y 0.0 (tt)
Vertical Dispersivity· alpha z 0.0 (tt)

or or

Estimat8ct Plume Length Lp 400 I(tt)

3. ADSORPTION
Retardation Factor*' R 4.9 (-)

or " 1Jf\ or
Soil Bulk Density rho 1.325 (kgA)
Partition Coefficient KQC 1290 (Ukg)
FractlonOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff" lambda 9.8E-1 (peryr)

or .'" or
Solute Half-Life t-half 0.71 (year)
or Instantaneous Reaction Model
Delta Oxygen·· DO

§r~)Delta Nitrate· N03 (mgIL)
Observed Ferrous Iron· Fe2+ (mgIL)
Delta Sulfate· 504 (mgIL)
Observed Methane· CH4 (mgIL)
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DISSOLVED NAPHTHALENE CONCENTRATION (mWI) - HYPOTHETICAL ~UMPING SCENARIO - SOUTH AREA

Distance from Source ift)
<

t I I I t 200 _ I I I ITYPE OF MODEL 0 40 80 120 160 240 280 320 360 400

No Degradation 12.730 I 10.474 7.362 , 3.791 I 1.324 I 0.298 I 0.042 I 0.004 0.000 I 0.000 0.000

1st Order Decay 12.730 1.595 I 0.200
,

0.025 0.003 I 0.000 ! 0.000 0.000 0.000 I 0.000 0.000

lnat. Reaction 12.730 I 10.474 7.362 I 3.791 I 1.324 0.298 0.042 0.004 I 0.000 I 0.000 0.000,
I t --

Field Data from Site I I 0.024

....1stOrderDecay InstantaneousReaction No Degradation :: Field Data from Site

50 100 150 . 200 250 300 350 400 450

r.....- calcu~:te-- ... J
I Animation
\,

Time:

II 9.00 Years II

Distance From Source (ft)

Return to
Input

Recalculate This Sheet
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Observed Centerline Concentrations at Monitoring Wells
f If No Data Leave Blank or Enter "on

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs.
Dispersivities. R. lambda, other

Help

View ofPlume Looking Down

Variable" -.Data used directly in model.
"~Value calculated by model.

'Don't enter any data).

Data Input Instructions:

~
~1. Enter value direct/v....or

or 2. Calculate bV fil/inq in qrev
. 0.02 /If cells below. (To restore

formulas, hit button pe/ow,.--.

RUN ARRAY

moo (ft) ;-L
o (ft) w
8 (yr) +

RUN
CENTERLINE

8. CHOOSE TYPE OF OUTPUT'TO SEE:
q

6. SOUR"CE DATA
Source Thickness in Sat.Zone"CJIJ (ft)
Source Zones:

Width" (ft) :,Conc.' (mg/L)* .',

5. GENERAl,.
Modeled Area Length*

. Modeled Area Width·
Simulatlon Time"!'

BIOSCREE'N NaturalAttenuation Decision Support System
Air Force Center for.. Environmental Excellence . Version 1.3

1. HYDR,oGEOLoGY.
Seepage Velocity· . Vs 49.7 1(ftlyr)

.Of .1' or

HydraUlic Conductivity K 2.5E~03 (em/sec)
Hydraulic Gradient i O:OQ72· (ft/ff)
Porosity .,

"
n .. Q.3]5_ (-)

2. DISPERSION
Longitudinal Dispersivity· alphsx 16.6 (ft)

Transverse Dispersivity* alphs y 0.0 (ft)"
Vertical Dispersivity* alpha z 0.0 (ft)

or
Estimated Plume Len~th Lp (ft)

3. ADSORPTI~
Retardation Factori' R. 3.1 1(-)

or . J1' or

Soil Bulk Density rho 1.325 (kgll)
Partition Goeffi~ent Koc 692 (l./kg)
FraetionQrgariicCarbon foe 8.60E-Q4 (-)

4. BIODEGRADATION
1st Order Decay CoeW lambda 6.9E-1 I(peryr)

or or

Solute Half-Life t-half 1.00 (year)
or Instantaneous Reaction Model
Delta Oxygen~· DO §(~)
Delta Nitrate'; '" N03 (mgIL)
Observed Ferr9us Iron* Fe2+ (mgIL)
Delta Sulfate· S04 (mgll)
Observed Methane· CH4 (mgIL)
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DISSOLVED XYLENE CONCENTRATION (mgll) • HYPOTHETICAL PUMPING SCENARIO· SOUTH AREA

Distance from Source ift)

TYPE OF MODEL II 0 I 40 I 80 I 120 I 160 I 200 j 240 I 280 I 320 I 360 I 400

No Degradation 0.313 0.172 0.098 0.013 I 0.003 ! 0.001 0.000 0.000 I

1st Order Decay 0.313 0.009 I 0.003 ! 0.000 0.000 I 0000 ; 0.000 I 0.000

Inat. Reactloli 0.313 0.241 0.172 I 0.098 0.042 I 0.013 0.003 0.001 I 0000 ' 0.000
I

Field Data from Site : I I 0.005

....... 1st Order Decay Instantaneous Reaction No Degradation :: Field Data from Site

=o-.c_
,;~
5 au_

s
u

I I

I I

I

I

\

50 100 150 200 250 300 350 400 450

Distance From Source (ft)

I Calculate 1
Animation J

Time:

II 8.00 Years II r Return to l (~eC~ICulat:-;~:Sh~~
l, Input ) t. )
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Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variable· -.Data used directly in model.
BII-+Value calculated by model.

'Don't enter any dataJ.

Data Input Instructions:

~
-'1. Enter value directlv....or

or 2. Calculate bv fillin(J in (Jrev
0.02 ~ cells below. (To restore

formulas, hit button below,.

Vertical Plane Source: Look at Plume Cross-Section
and Input Concentrations & Widths
for Zones 1, 2, and 3

---..

South Cavalcade
South Area

RUN ARRAY

Toluene

moo (ft) ~L
o (ft) w
1 (yr) +

RUN
CENTERLINE

6. SOU'RCE DATA
SO\Jrce Thickness in Sat.Zone·~(ft)
Source Zones:

Width· (ft) Cone. (mq/l)· _
i i

5. GENERAL
Modeled Area length·

.. Modeled Area Width*
-Simulation Time·

BIO.SCREEN Natural Attenuation. Decision Support System
AirForce"Center for Environmental Excellence; .Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs (ftlyr)

or
Hydraulic Conductivity K 2.5E-03 (em/sec)
HydraUlic Gradient i 0.0072 (Mt)
Porosity n 0.375 (-)

~

2. DISPERSION
longitudinal Dispersivity* alpha x 16. (ft)
Transverse Dispersivity* alpha y 0.0 (ft)
Vertical Dispersivity· alpha z 0.0 (ft)

or
Estimated Plume length Lp (ft)

3. ADSORPTION
Retardation Factor· R (-)

.,,'i
or

Soil Bulk Density rho 1.325 (kgll)
Partition Coefficient Koe 257 (UI<g)
FraCtionOrganicearbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda (peryr)

or
Solute Half-Life t-half (year)
or Instantaneous Reaction Model
Delta Oxygen·· DO

§r~)Delta Nitrate· N03 (mgJl..)
Observed Ferrous Iron· Fe2+ (mglL)
Delta Sulfate· S04 (mgJl..)
Observed Methane· CH4 (mgJl..)
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DISSOLVED TOULENE CONCENTRATION (mW!) - HYPOTHETICAL PUMPING SCENARIO - SOUTH AREA

Distance from Source lft)

TYPE OF MODEL 0 I 40 I 80 , . 120 I 160 I 200 240 I 280 I 320 I 360 I 400

No Degradation 1.041 I 0359 0.045 0001 0.000 0.000 0.000 0000 I 0.000 I 0.000 0000, I

1st Order Decay 1.041 0.013 0.000 0.000 0.000
I

0.000 I 0.000 0.000 I 0.000 0.000 0.000
I I I I i

~

I [ 0.000 IInst. Reaction 1.041 0.359
I

0.045 0001 0.000 0000 0.000 I 0000 0.000 0.000I I II
Field Data from Site I 0.005

-- -I

'-"1stOrderDecBY Instantaneous Reaction No Degradation :: Field Data from Site

I I I I I
f'.. ! I I I I

I I

-'~,-1 I I I I I I
I I i i I

I I
i

" ...... i I i I :

" "-- ; I 1 I j I
I.

c
o',c _

~~
5 av _

§
U

1.200
1.000
0.800
0.600
00400
0.200
0.000

o 50 100 150 206 250 300 350 400 450

Distance From Source (ft)

r Calculate ---1
I Animation
t /

Time:

II 1.00 Years II r Return to I ~ecalculat~~hiS Sh~~JJl Input Jl~ .
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APPENDIX 0
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Acenaphthene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.

180 1 170
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c:\vmlzub\acenaphthene Chart 1
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I Fluorene Concentrations I

I South Cavalcade Superfund Site
Houston, Texas
Beazer East, Inc.

90 I 84-80
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C 40
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u
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Dec. 1986
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Date Sampled

c:lvm\zublfluorene Chart 1
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Naphthalene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.
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c:\vm\zub\naphthalene Chart 1
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Phenanthrene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.

15
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c:\vm\zub\phenanthrene Chart 1
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Benzene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.

60

50

---,

12
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2
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10 +1----------
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Feb. 1987
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Dec. 1986
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NS Indicates Not Sampled Date Sampled

c:\vmlzub\benzene Chart 1
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2- 25
s::
0
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Q) 15(.)
s::
0
u 10

5

0

Toluene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.

34

4.5 4.6

I I I I I I NO I NS I l
Dec. 1986 Feb. 1987 Nov. 1993 Dec. 1986 Feb. 1987 Nov. 1993

MW-01 MW-01 MW-01 MW-04 MW-04 MW-04
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I

NS Indicates Not Sampled
NO Indicates Not Detected

c:\vm\zub\toluene Chart 1
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25

21

Ethylbenzene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.
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Total Xylene Concentrations
South Cavalcade Superfund Site

Houston, Texas
Beazer East, Inc.
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APPENDIXP

COMPARISON OF OGATA-BANKS AND BIOSCREEN
SIMULATION RESULTS

IC
I.UEN~/RONMENTAL
I;I/NCORPORATED
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1098765

Breakthrough Curve
(Naphthalene - North)

432
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/ I Input Data:0 I I /..
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/ /
K =3.8x 104 ftlyr

...

I
...
c

n =0.375QI

u 6000
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0
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I
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4000 I I / / LogKoc =3.11
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View ofPlume Looking Down

Variable· - Data used directly in model.
Ell~ Value calculated by model.

Don't enter any data).

Data Input Instructions:

h:Ifq- 1. Enter value direct/v....or
2. Calculate by fillina in arey

cells below. (To restore
formulas, hit button below,.--+

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

RUN ARRAY

rn10 (tt) r- L

a (tt) w
1 (yr)"

RUN
CENTERLINE

6. SOURCE DATA
Source Thickness in Sat.Zone·[J]J(ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) Cone. (mg/L)· ~ for Zones 1, 2, and 3
i

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

175...'n
Source Deca

SourceHalflife·'

Soluble MassI . I
In NAPL, Soil

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs (ftlyr)

or
Hydraulic Conductivity K 3.7E-Q2 (em/sec)
HydraUlic Gradient i 0.00588 (ftIft)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity· alpha x

~(fl)Transverse Dispersjvity· alpha y 0.0 (tt)
Vertical Dispersivity· alpha z 0.0 (tt)

or or
Estimated Plume Length Lp I 425 left)

3. ADSORPTION
Retardation Factor· R (-)

or
Soil Bulk Density rho 1.325 (kg/l)
Partition Coefficient Koe 1290 (Llkg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda (peryr)

or
Solute Half-Life t-half 0.00 (year)
or Instantaneous React/on Model
Delta Oxygen· DO §lm¢)Delta Nitrate· N03 (mgIL)
Observed Ferrous Iron· Fe2+ (mgiL)
Delta Sulfate· S04 (mgIL)
Observed Methane· CH4 (mglL)

L
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DISSOLVED NAPHTHALENE CONCENTRATION (mgll) - NORTH AREA

Distarzce from Source ift)

TYPE OF MODEL 0
,

21 I 42 I 63
,

84 I 105 I 126 I 147 I 168 I 189 I 210

I No Degradation 12.730 12.575 12.254 11.523 10184 8.208 5.863 3.623 1.900 0834 0.303
- - - -- -- -

1st Order Decay 12.730 12.575 12.254 11.523 10.184 8.208 5.863 3.623 1.900 0.834 0.303
-- -- ~---- i ~ -

Inat. Reaction 12.730 12575 12.254 11.523 10.184 8.208 5.863 3.623 1.900 0.834 0303
- - -- - - .-.. -

Field Data from Site I
I

....... 1st Order Decay ....,nstantaneous Reaction -No Degradation :: Field Data from Site

--; ~

~ --- ,- ~-- --- --I

14.000 I I

12.000

10.000 -

8.000 -I

6.000

4.000

2.000 -1-­

0.000

c:
o0,c _

~~
~ 6u _
c:o
U

,--_._------ ,

II 1.00 Years II
~---- -- .._---------..

l~ Return to I i'Recalculate This Sheet
I., Input ) ~, .J

o

Calculate
Animation

j

50

Time:

100 150

Distance From Source (ft)

200 250
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variable· _. Data used directly in model.
..~. Value calculated by model.

Don't enter any data).

Data Input Instructions:

r::rrq-.1. Enter value direct/v....or
2. Calculate by fillinq in qrey

cells below. (To restore
formulas, hit button below,.---+

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

RUN ARRAY

8330 (ft) r- L

o (ft) W

4 (yr)"

RUN
CENTERLINE

6. SOURCE DATA
Source Thickness in Sat.Zone·[JIJ (ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) Cone. (mg/L)* I~ for Zones 1, 2, and 3
, i

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs ~(fflyr)

or or
Hydraulic Conductivity K

~

3.7E-02 (em/sec)
Hydraulic Gradient i 0.00588 (ftIft)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity· alpha x 166 (ft)
Transverse Dispersivity· alpha y 0.0 (ft)
Vertical Dispersivity· alpha z 0.0 (ft)

or 1"1' or
Estimated Plume Length Lp

--
425 J(ft)

3. ADSORPTION
Retardation Factor· R (-)

or
Soil Bulk Density rho 1.325 (kgll)
Partition Coefficient Koc 1290 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda (per yr)

or
Solute Half-Life t-half 0.00 (year)
or Instantaneous Reaction Model
Delta Oxygen· DO

§~lm¢)Delta Nitrate· N03 (mgIL)
Observed Ferrous Iron· Fe2+ (mglL)
Delta Sulfate· S04 (mg/l)
Observed Methane· CH4 (mgIL)

l
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DISSOLVED NAPHTHALENE CONCENTRATION (mgll) - NORTH AREA

600500400

i Return to l:RecalculateThi~sh::~l, Input , '___ J

200 300

Distance From Source (ft)

Time:

II 4.00 Years II

100a

I I I
.

I I

-- ........... -- - _.-

i ~ ,

I ~-

I
I

~~---- --I I
- - ---.

I II
- - -- - - -- I -

II

14.000

12.000

10.000

8.000

6.000

4.000

2.000

0.000

=Q',c _

b~
~ 6v _

=Q
U

r Calculate l
! Animation~

Distance from Source iff)
TYPE OF MODEL 0 I 53 I 106 I 159 I 212 I 265 I 318 I 371 I 424 I 477 I 530

No Degradation 12.730 12.726 12712 12.666 12.534 12.211 11.551 10.412 8.759 6737 4.653-- -- - --
1st Order Decay 12.730 12.726 12.712 12.666 12.534 12.211 11.551 10.412 8.759 6.737 4.653

- - - --- - -
Inst. Reaction 12.730 12726 12.712 12666 12534 12.211 11 551 10.412 8759 6737 4653

- - -.- - - -- -_._-

Field Data from Site

..... 1st Order Decay .....Instantaneous Reaction -No Degradation :: Field Data from Site
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•••

Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

Variable· - Data used directly in model.
..- Value calculated by model.

Don't enter any data).

Data Input Instructions:

0K1- 1. Enter value directlv....or
2. Calculate by filling in qrey

cells below. (To restore

formulas, hit button below,.--+

1
I View ofPlume Look;ng Down

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"l

RUN ARRAY

E§10 (tt) r- L

a (ft) w
6 (yr).

RUN
CENTERLINE

5. GENERAL
Modeled Area Length·
Modeled Area Width·
Simulation Time·

8. CHOOSE TYPE OF OUTPUT TO SEE: ,

7. FIELD DATA FOR COMPARISON
Concentration (mg/L)r:.,:..:...:.:..::.::::.::.;,,:--.....,--.,.,---r-,--,.-,--...., ---",---.....,---,-,--.,.,----.,
Dist. from Source (ft)

6. SOURCE DATA
Source Thickness in Sat.Zone·DIJ(ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) Cone. (mg/L)· l~ for Zones 1, 2, and 3
i i

175....,.­Source Deca
SourceHalfllfe·'

Soluble Mass,. _. I
In NAPL, Soil .-

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs 598.2 j(ffJYr)

or l' or

Hydraulic Conductivity K 3.7E-02 (em/sec)
Hydraulic Gradient i 0.00588 (ftIft)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity· alpha x 20.3 - (tt)

Transverse Dispersivlty· alpha y 0.0 (tt)
Vertical Dispersivity· alpha z 0.0 (tt)

or l' or

Estimated Plume Length Lp I 425 !rtt)

3. ADSORPTION
Retardation Factor· R (-)

or
Soil Bulk Density rho 1.325 (kg/l)
Partition Coefficient Koc 1290 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff" lambda (peryr)

or
Solute Half-Life t-half 0.00 (year)
or Instantaneous Reaction Model
Delta Oxygen* DO §]lmWLJDelta Nitrate· N03 (mglL)
Observed Ferrous Iron· Fe2+ (mglL)
Delta Sulfate· S04 (mgIL)
Observed Methane· CH4 (mgIL)
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DISSOLVED NAPHTHALENE CONCENTRATION (mgll) - NORTH AREA

Distance from Source (It)

TYPE OF MODEL 0 I 81 I 162 I 243 I 324 I 405 I 486 I 567 I 648 I 729 I 810

I No Degradation 12.730 12.729 12.724 12.700 I 12.612 I 12.352 I 11.730 10.533 8.682 6.379 4.073

I
- <-

1st Order Decay 12.730 12.729 12.724 12.700 12.612 12.352 11.730 10.533 8.682 6.379 4.073
t

112.352
-- -

! Inst. Reaction 12730 12.729 12.724 12700 12.612 11.730 10.533 8.682 6.379 4073

t

- - - - -- -
Field Data from Site

.....1st Order Decay .....Instantaneous Reaction No Degradation :: Field Data from Site

I I
I -

I
I ............... I
I

i I i ~ i
I -

! I ---
I ~I I

----~
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I

I I I
j 1 I I
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Breakthrough Curve
(Naphthalene - South)
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Breakthrough Curve
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variable* ~. Data used directly in model.
Ell-. Value calculated by model.

'Don't enter any data}.

-+

ObseNed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

i I Data Input Instructions:

~-, 1. Enter value directlv....or
;a: 2. Calculate by filling in grey

cells below. (To restore
formulas, hit button below,.

RUN ARRAY

rn10 (ft) r- L
o (tt) W
15 (yr).

RUN
CENTERLINE

6. SOURCE DATA
Source Thickness in Sat.Zone*c::I[](ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width* (ft) Cone. (mg/L)* 1'---- for Zones 1, 2, and 3
i ;

5. GENERAL
Modeled Area Length*
Modeled Area Width*
Simulation Time*

8. CHOOSE TYPE OF OUTPUT TO SEE:
4

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity* Vs 39.8 I(fflyr)

or lIT' or

Hydraulic Conductivity K 2.5E-03 (em/sec)
Hydraulic Gradient i 0.00571 (ftIft)
Porosity n 0.375 (-)

2. DISPERSION
Longitudinal Dispersivity* alpha x (ft)
Transverse Dispersivity* alpha y (ft)
Vertical Dispersivity* alpha z (ft)

or
Estimated Plume Length Lp (ft)

3. ADSORPTION
Retardation Factor* R 4.9 (-)

or ilf' or

Soil Bulk Density rho 1.325 (kgll)
Partition Coefficient Koe 1290 (Ukg)
FractionOrganlcCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
1st Order Decay Coeff* lambda (peryr)

or
Solute Half-Life t-half 0.00 (year)
or Instantaneous Reaction Model
Detta Oxygen* DO

§r~)Delta Nitrate* N03 (mgIL)
Observed Ferrous Iron* Fe2+ (mglL)
Delta Sulfate* S04 (mgIL)
Observed Methane* CH4 (mgIL)

L-
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DISSOLVED NAPHTHALENE CONCENTRATION (roW!) - SOUTH AREA

Distance from Source (It)

TYPE OF MODEL 0 t 21 I 42 I 63 . I 84 I 105 I 126 I 147 I 168 I 189 I 210

No Degradation 12.730 12.574 12.250 11.514 10.167 8183 5.834 3.596 1 881 0823 0.298
-,- ---

I 8.183 i~:-;-~- ~59~ 1.881
-

1st Order Decay 12.730 12.574 12.250 I 11.514 10.167 0.823 0.298- - , - ---
Inst. Reaction 12.730 12.574 12.250 11.514 10.167 8.183 5.834 3596 1 881 0823 0298

- - -- - - - -.- -- - -
Field Data from Site I

.....1st Order Decay .....,nstantaneous Reaction No Degradation :: Field Data from Site
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Recalculate This
Sheet

•

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

Help

View of Plume Looking Down

Variable· _. Data used directly in model.
.........., Value calculated by model.

'Don't enter any datal.

,Data Input Instructions:

~-+ 1. Enter value directlv....or
2. Calculate bv filling in grev

cells below. (To restore
fonnulas, hit button below,.-+

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

RUN ARRAY

moo (ft) r- L

o (ft) w
50 (yr) +

RUN
CENTERLINE

5. GENERAL
Modeled Area length·
Modeled Area Width·
Simulation Time·

8. CHOOSE TYPE OF OUTPUT TO SEE:
q

6. SOURCE DATA
Source Thickness in Sat.Zone·[JI] (ft) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) Cone. (mg/l)· .------ for Zones 1, 2, and 3
\ t

7. FIELD DATA FOR COMPARISON
Concentration (mg/l);":";"';";~=-;i":-'-""'--""--""" --T"",--,....---.,--..,.,--..,.,--.,..---"
Dist. from Source (ft)

"',
Source Deca

SourceHalfllfe. i

Soluble MassI' _. I
In NAPL, Soil .-

BIOSCREEN Natural Attenuation Decision Support System
AirForce Center for Environmental Excellence Version 1.3

1. HYDROGEOLOGY
Seepage Velocity· Vs 39.8 (ftlyr)

or J1' or
Hydraulic Conductivity K 2.5E-03 (em/sec)
Hydraulic Gradient i 0.00571 (ftIft)
Porosity n 0.375 (-)

2. DISPERSION
longitudinal Disper5ivity· alpha x (ft)
Transverse Dispersivity· alpha y (ft)
Vertical Dispersivity· BlphBZ (ft)

or
Estimated Plume Length Lp

3. ADSORPTION
Retardation Factor" R (-)

or
Soil Bulk Density rho 1.325 (kgA)
Partition Coefficient Koc 1290 (Ukg)
FractionOrganicCarbon foe 8.60E-04 (-)

4. BIODEGRADATION
15t Order Decay Coeff* lambda O.OE~J(per yr)

or or
Solute Half-Life t-half 0.00 (year)
or Instantaneous Reaction Model
Delta Oxygen· DO §(~)
Delta Nitrate· N03 (mgIL)
Observed Ferrous Iron· Fe2+ (mgIL)
Delta Sulfate· S04 (mgIL)
Observed Methane· CH4 (mgIL)
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DISSOLVED NAPHTHALENE CONCENTRATION (mg,ll) - SOUTH AREA

Distance from Source ift)

TYPE OF MODEL 0 I 50 I 100 I 150 I 200 \ 250 \ 300 I 350 I 400 I 450 I 500I

i No Degradation 12730 12.718 12681 12.566 12264 11.610 10.438 8.699 6562 4.390 2561I

I
. - -" . - - - -- -

1st Order Decay 12730 I 12.718 ; 12.681 12.566 12.264 11.610 10.438 ! 8.699 6.562 4.390 2.561

I
_. - - _._--,- -. -- ---

I Inst. Reaction 12.730 12718 12.681 12566 12.264 11.610 10.438 8.699 6562 4390 2561

I
- -- - - - - -~

Field Data from Site
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Variable" ~.. Data used directly in model.
..-. Value calculated by model.

Don't enter anv data).

Data Input Instructions:

~--; 1. Enter value directlv....or
2. Calculate by filling in grey

cells below. (To restore
fonnulas, hit button beiowl'

--.

513000 (tt) f L
o (tt) w

100 (yr)"

5. GENERAL
Modeled Area Length·
Modeled Area Width"
Simulation Time·

BIOSCREEN Natural Attenuation Decision Support System
AirForce Center for Environmentel Excellence Version 1.3

Observed Centerline Concentrations at Monitoring Wells
I If No Data Leave Blank or Enter "0"

••••

View of Plume Looking Down

6. SOURCE DATA
Source Thickness in Sat.Zone·[JIJ(/t) Vertical Plane Source: Look at Plume Cross-Section
Source Zones: and Input Concentrations & Widths

Width· (ft) Cone. (mg/L)" ~ for Zones 1, 2, and 3
1 ;

Recalculate This
Sheet

Paste Example Dataset

Restore Formulas for Vs,
Dispersivities, R, lambda, other

HelpRUN ARRAY
RUN
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8. CHOOSE TYPE OF OUTPUT TO SEE:
was q
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DISSOLVED NAPHTHALENE CONCENTRATION (mgt'l) - SOUTH AREA

Distancefrom Source lft)

TYPE OF MODEL 0 1 100 I 200 I 300 I 400 I 500 I 600 I 700 I 800 I 900 I 1000

i No Degradation
,

12722 12.684 12533 I 12.074 I 11.009 I 9.130 6.60212.730 12.729 4.014 1.993

I 1st Order Decay 12.7301 12.729 I 12.722 I 12.684 I 12.533 12.074 I 11.009 I 9.130 I 6.602 4.014 I 1.993

Inst. Reaction 12.730 I 12.729 I 12.722 I 12.684 I 12.533 12.074 11.009 I 9.130 I 6.602 4.014 1.993

Field Data from Site ! I
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SOUTH CAVALCADE SUPERFUND SITE· HOUSTON, TEXAS
Comparison of Field Data to Simulation Results

Benzene
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.~ Field Data
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Pumping (''Worst Case")
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SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comparison of Field Data to Simulation Results

Toluene
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• Scenario 1A - Ogata-Banks
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SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comparison of Field Data to Simulation Results

Xylene
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SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comparison of Field Data to Simulation Results

Naphthalene
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SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comparison of Field Data to Simulation Results

Fluorene
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SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comparison of Field Data to Simulation Results

Acenaphthene
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SOUTH CAVALCADE SUPERFUND SITE - HOUSTON, TEXAS
Comparison of Field Data to Simulation Results
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